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SIR, 

Do here mod humbly lay 
this (mall Prefent at Your 
MajejUes Royal feet. And 
though it comes accompa- 
nyd with two disadvantages , the meannefs 
of the Author, and of the Subjebl-, yet 
in both I am incouraged by the greatnefs 
of your Mercy and your Knowledge. 
By the one \ am taught , that you can 

A forgive 




The Epistle 

forgive the mo Qcprefumptuow Ojfendors : 
And by the other, that you will not e- 
fteem the leaft work of Nature , or Art, 
unworthy your Obfervation. Amidft the 
many felicities that have accompani’d 
your Majejlies happy Rejlauration and 
Government, it is none of the leaft confi- 
dence, that Philo fophy and Experimental 
Learning have proffer'd under your Royal 
Patronage. And as the calm profperity 
of your Reign has given us th eleifure 
to follow thefe Studies of quiet and re- 
tirement , foit is juft, that the Fruits of 
them fhould , by way of acknowledge- 
ment , be return’d to your Majejty. 
There are, Sir, feveral other of your 
Subje&s, of your Royal Society , now 
bufie about Nobler matters : The Im- 
provement of Manufactures and Agricul- 
ture , the Jncreafe of Commerce , the Ad- 
vantage of Na\ vigation : In all which 
they are a fsijled by your Majefties lncou- 
ragement and Example. Amidft all thofe 
greater 



Dedicatory. 

greater Defigns,! here prefume to bring 

in that which is more proportionable to 
the fmalnefs of my Abilities , and to 
offer fome of the leaf of all vifible 
things, to that Mighty King , that has efla- 
blifhtan Empire over the beft of all In- 
vifible things of this World, the Minds 
of Men. 



Tour Majejlies mo jl humble 

• 1 . • < / V ' f ' ; . ; 

' * \ *• • ‘ * y\ V ii ) ) i ‘ { '. . ^ 

and mojl obedient 




Robert Hooke. 
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TO THE 



ROYAL SOCIETY. 



ter my Addrcfi to our Great Founder and Pa- 
tron, I could not but think my felf oblig’d , 
in consideration of thole man y Ingagements 
you have laid upon me , to offer thefe my 
poor Labours to this MOST ILLU- 
STRIOUS ASSEMBLY. YOU have been 
pleas’d formerly to accept of thefe rude Draughts. I have fince 
added to them fome Defcriptions , and fome ConjeCiures of my 
own. And therefore, together with YOUR Acceptance, Imuft 
aifo beg YOUR par don. The Rules YOU have preferib d YOUR 
felves in YOUR Philofophical Progrefs do feem the beft that 
have ever yet been pra&is’d. And particularly that of avoiding 
Dogmatizing , and the efpoufal of any Hypothecs not fufficiently 
grounded and confirm’d by Experiments. This way feems the 
moft excellent , and may preferve both Philofophy and Natural 
Hiftory from its former Corruptions .In faying which, I may feem 
to condemn my own Courfe in this Treadle ; in which there 
may perhaps be fome Exprefftons, which may feem more pofitive 
then YOUR Prefcripdons will permit: And though I defire 
to have them underftood only as Conjectures and Queries (which 
YOUR Method does not altogether difallow )yet ifeven in thofe 
I have exceeded, ’tie fit that I Should declare, that it was not 
done by YOUR Direftions. For it is moft unreafonable, that 
YOU fhould undergo the imputation of the faults of my Con- 
jectures, feeing YOU can receive fo [mail advantage of reputa- 
tion by the fleight Obfervations of 




TOUR moft bumble and 
moft faithful Servant 





THE 

PREFACE. 

)T is the great prerogative of Mankind above other 
Creatures, that we are not only able to behold the 
works of Nature, or barely to fuftein our lives by 
them, but we havealfo the power of confidering, 

comparing, altering, a (lifting, and improving 

them to various ufes.And as this is the peculiar priviledge of humane 
Nature in general, fo is it capable of being fo far advanced by the helps 
of Art, and Experience , as to make fome Men excel others in their 
Obfervations , and Deductions, almoft as much as they doBeafts. By the 
addition of fuch artificial Inftruments and method's ,there may be,in 
fome manner, a reparation made for the mifehiefs, and imperfection, 
mankind has drawn upon it felf, by negligence,and intemperance , and a 
wilful and fuperftitious deferting the Prefcripts and Rules of Nature , 
whereby every man, both from a derivd corruption, innate and born 
with him, and from bis breeding and converfe with men,is very fubjeCt 
to flip into all forts of errors. 

The only way which now remains for us to recover fome degree of 
thofe former perfections , feems to be,by rectifying the operations of the 
Senf c,tbe Memory ,and R eafon, fince upon the evidence, the (irength, 
the integrity , and the right correfpondence of all thefe, all the light, 
by which our aCuons are to be guided, is to be renewed, and all our com- 
mand over things is to be eftablijht. 

It is therefore moft worthy if our confiJeration, to recoM their fe- 
feveraUefeas, that Jo we may the hater underftandhow to My them 

and by what afftftances we may Marge their power ytnd fecure them in 
pe forming their particular duties. 

As for the Mom four Senfes,n>e cannot hut obferve themtobein 

a many 
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many particulars much outdone by thofe of other Creatures, and when 
at hefi,tobefar flwt of the perfection they (eern capable of : And theft 
infirmities of the Senfes arife from a double caufe , either from the dif- 
proportion of the Objed to the Organ ,wbereby an infinite number cf 
things can neater enter into them,or elfe from error in the Perception, 
that many things , which come within their reach , are not received in a 
right manner. 

The like frailties are to be found in the Memory ; we often let many 
things flip away from us, which deferve to be retain'd ; and of thofe 
which we treafure up, a great part is either frivolous or falfe ; and if 
good . ; and fubfantial, either in trad of time obliterated, or at beftfo 
overwhelmed and buried under more frothy notions, that when there is 
need of them, they are in vain fought for. 

The two main foundations being fo decehable , it is no wonder , that 
all the fucceeding works which we build upon them, of arguing, conclu- 
ding,defining,judging, and all the other degrees of Reafon, are lyable to 
the fame imperfection, being, at beft, either vain, or uncertain : So that 
the errors of the underftanding are anfwerable to the two other , being 
defedive both in the quantity andgoodnefsof its knowledge ; for the li- 
mits, to which our thoughts are confi nd, are fmallin reffed of the vafi 
extent of Nature it felf; fome parts of it are too large to be comprehen- 
ded, and fome too little to beperceived. And from thence it rnufifol- 
low,that not having a full fenfation of the Objed, we mujl be very lame 
and imperfed in our conceptions about it, and in allthepropofitions 
which we build upon it ; hence, we often take the fliadow of things for 
the lubftance, fmall appearances for good fimilitudes, fimilicudeo 
for definitions; and even many cf thofe, which we thinly to be the moji 
folid definitions, are rather exprejfions of our own mifguided apprehen - 
fions then of the true nature cf the things tbernfelves. 

The ejfeds ofthefe imperfedions are manifeftedin different ways, ac- 
cording to the temper and difiofition of the fever al minds of men, fome 
they incline-to grofs ignorance andflupidity, and others to a pre- 
fumptuous impofing on other mens Opinions, and a confident dog- 
matizing on matters , whereof there k no aff ir ana to be given. 



The Preface. 

Thus all the uncertainty, and mifiakes of humane adions, proceed 
either from the narrownefs and wandring of our Senfes, from theflippe- 
rinefi or delufion of our Memory, from the confinement or raflmefi of 
our Underftanding, fo that 'its no wonder, that our power over natu- 
ral caufes and effeds is fo [lowly improvd, feeing we are not only to 
contend with the obfcunty and difficulty of the things whereon we work 
andthink.,but even the forces of our own minds confide to betray us. 

Thefe being the dangers in the precefi of humane Reafon, the remedies 
cf them all can only proceed from the real, the mechanical, the ex- 
perimental Philofcphy, which has this advantage over theRhilofophy of 
difcourfe and deputation, tAzt whereas that chiefly aims at the fubtilty 
of its Dedudions and Conclufions , without much regard to the firji 
ground-work, which ought to be well laid on the Senfe and Memory ; 
fo this intends the right ordering of them alfand the making them fer- 
viceable to each other. 

The firfi thing to be undertaken in this weighty work, is a watch- 
fulnefs over the failings and an inhrgement of the dominion, of 
the Senfes. 

To which end it is requifite , firfi. That there fimidbe a fcrupu- 
lous choice, and a Arid examination, of the reality, conftancy, and 
certainty of the Particulars that we admiujhis is the firfi rife where- 
on truth is to begin, and here the mofi Jevere, andmofi impartial dili- 
gence, mu ft beimployed ; the fioring up of all, without any regard to 
evidence or ufe, will only tend to darknfs and confufm. We mufi 

not therefore efteem the riches of out Philofophical treafure by the mum- 
l*r only but chiefly by the weight tfbt mofi vulgar Infiances arewt to 
be neglected fiut above all , the mofi inftruflivc are to be entertain’d - 
thefoctfteps of Nature are to be tr add. riot only in Iter ordinary court' 
but tthen Jhefeemsto beput toher fhifisfo make many doublings ark 

difcom ’ mit0U ^ fimekndof art in indeavonringto avoid our 

The nat care to be taken, in re/pe3 if the Senfes, Uafupphmd 

Organs to natural ; thU in one of them hat been of late years 

decom- 





ctavo 




The P REFACE. 

accompliftjt with prodigious benefit to all forts of ufeful knowledge , by 
the invention of Optical Glaffes. By the means of Telefcopes, there is 
nothing fo far diftant but may be reprefentedto our view ; and by the 
help o/Microfcopes, there is nothing fo fmall, as to efcape our inqui- 
ry • hence there is a Hew vifible World difeovered to the undemanding. 
By this means the Heavens are open'd , and a vafi number of new Stars , 
and new Motions , and new Productions appear in them , to which all the 
antient Afironomerswere utterly Strangers. By this the Earth it felf, 
which lyes fo neer us. , under our feet, fbews quite a new thing to us, and 
in every little particle of its matter , we now behold alrnofi as great a 
variety of Creatures , as we were able before to reckon up in the whole 
Univerfe it felf. 

Itfeemsnot improbable, but that by theft helps the fubtilty of the 
compofition of Bodies, the jlrudure of their parts , the various texture 
of their matter, the inflruments and manner of their inward motions, 
and all the other pojfible appearances of things, may come to be more 
fully difeovered ; all which the antient Peripateticks were content to 
comprehend in two general and f unlefi further explain dj ufelejl 
words of Matter and F orm. From whence there may arife many admi- 
rable advantages, towards the increafe of the Operative, and the Me- 
chanick Knowledge, to which this Age feems fo much inclined, becaufe 
we may perhaps be inabled to difeern all the fecret workings of Nature, 
alrnofi in the fame manner as we do thofe that are the productions of 
Art, and are managd by Wheels, and Engines, and Springs, that were 
devifed by humane Wit. 

In this kind I here prefentto the World my imperfeft Endeavours ; 
which though they fh all prove no other way confiderable,yet, I hope, they 
may be in fome meafure ufeful to the main Defign of a refoi mation 
in Philofophyfif it be only by /hewing, that there is not fo much requir'd 
towards it, any (irength o/Imagination, or exaCtnefs of Method, or depth 
^Contemplation^/# the addition of thefe,where they can be had, 
mufi needs produce a much more perfed compofurtjas a fincere Hand, 
and a faithful Eye, to examine, and to record, the things themfelves 

as they appear. ^ 
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And I beg my Reader , to let me take the boldnefi to affure him, 
that in this prefent condition of knowledge , a man fo qualified , as l 
have indeavoured to be, only with refolution, and integrity, and f lain 
intentions of imploying his Senfes aright, may ventureto compare the re- 
ality and the ufifulnef of hisfervices, towards the true Philofophy, with 
thofe of other men, that are of much ftronger,and more acute fpecula- 
hons, that fl) all not make ufe of the fame method by the Senfes. 

The truth is, the Science of Nature has been already too long made 
only a work of the Brain and the Fancy .* It is now. high time that it 
fould return to the plainnef and foundnef cf Obfervations on ma- 
terial and obvious things. It is faid of great Empires , That the bell: 
way to preferve them from decay, is to bring them back to the 
firft Principles, and Arts, on which they did begin. The fame 
is undoubtedly true in Philofophy, that by wandring far away into invi- 
fible Notions, Ass alrnofi quite defiroy d it felf, and it can never be re- 
covered, or continued, but by returning into the fame fenfible paths, 
in which it did at firfi proceed. 

If therefore the Reader expefts from me any infallible Deductions, 
or certainty of Axioms, I am to fry for my felf, that thofe fir onger 
Works of Wit and Imagination are above my weak Abilities ; or if 
they had not been fo, I would not have made ufe of them in this pre- 
fent Subjed before me: Whenever he finds that I have ventur'd at 
any fmall Conjectures, at the caufes of the things that I have obferved, 
Ibefeech him to look upon them only as doubtful Problems,*//^ uncer- 
tain ghefles, and not as unquefiionable Conclufions, or matters of un- 
confutable Science-, I have produced nothing here, with intent tohind 
his understanding to an implicit confent; I am fo far from that,that 
l 'defire him, not abfolutely to rely upon thefe Obfervations of my eyes 
ifhe finds them contradicted by the future Ocular Experiments of fo- 
ber and impartial Dificoverers. ’ ^ 

ft**) part, 1 have chained my end, if thefe my [mail Labours 
flail be though jit to take up fome place in the large flockof natural 
ObfervatK,n s ,*i fo many hands arebufte hfjidil If hive 
contributed the meaneft foundations tsherem Ihers mafiafe nZ 

^ Super- 
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Superftru&ures, lam abundantly (atisfied ; and all my ambition is, 
that l may ferve to the great Pbilojophers of this Age , as the makers 
and the grinders of my Glajfes did to me ; that I may prepare and far- 
nifh them with fome Materials, which they may afterwards order and 
manage with better skill , and to far greater advantage . 

The next remedies in this univerfal cure of the Mind are to be ap- 
plyedto the Memory, and they are to confijl cf fuch DireRions as may 
inform us, what things are beft to be (lor d up for our purpofe, and 
which is the befl way of fo difpofing them, that they may not only be 
kept in fafety, but ready and convenient, to be at any time produc d for 
ufe, 06 occafion {kail require. But I will not her e prevent my felf in 
what I may fay in another Vifcourfe , wherein I {ball make an at- 
tempt to propofe fome Confiderations of the manner of compiling a Na- 
tural and Artificial Hifiory , and of fo ranging and regiftring its 
Particulars into Philofophical Tables , as may make, them mofi ufeful 
for the raifing of Axioms and Theories. 

The lafi indeed is the mofi hazardous Enterprise, and yet the mofi 
neceffary ; and that is, to take fuch care that the. ] udgment and the 
Rcafon of Man ( which is the third Faculty to be repair’d and im- 
prov'd ) Jkould receive fuch affifiance, as to avoid the dangers to 
which it is by nature mofi fubjeft . The Imperfections, which I have al- 
ready mention'd, to which it is lyable, do either belong to the extent, 
or the goodnefs of its knowledge ; and here the difficulty is the grea- 
ter, leaft that which may be thought a remedy for the one Jhwld 
prove deftru&ive to the other, leaft by feekjng to inlarge our Know- 
ledge, we Jkould render it weak and uncertain', and leaft by being 
too fcrupulous and exafi about every Qrcumftance cf it, we Jkould 

confine and fireighten it too much. . , 

In both theft the middle wayes are to be taken, nothing is to e 

omitted, and yet every thing to pafi a mature deliberation ; No 

Intelligence from Men cf all Profeffms, and quarters of the World, 

to be flighted ,andyet all to befo feverely examin’d,^* there remain 

no room for doubt or inftability ; much rigour in admitting, much 

ftriftnefs in comparing^ above all , much flownefs * debating,and 

lhynels 
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(h yne fs in ***** « * l k ^derilanding * ft 

order all the inferiour fervias efthe tarer Faculties ; but yet it tsto 
do this onh as a lawful Matter, andnot as a Tyrant. It mufl wt in- 
croach upon their Offices, nor take upon it felf the employments which 
belong to either of them . It muft watch the irregularities cf the Sen - . 

fes, but it muft not go before them or prevent their information.' It 
muft ex amine, range, and dilpofer/ the bank which is laid up in the 
Memory : but it muft be fare to ^ediftin&ion between the fober and 
well colletted heap , and the extravagant Idea's, and miftaken 
Images , which there it may fometimes light upon. So many are the 
links, trpon which the. true Philofophy depends , of which jf. any one be loofe, 
ijrweak , the whole chains in danger cf being diffolvd ; it is to be- 
gin with the Hands and Eyes, and to proceed on through the Memory, 
to be continued by the Reafon ; nor is it to ftop there , but to come about 
to the Hands and Eyes again, and fo, by a continual paflage round 
from one F acuity to another , it is to be maintained in life and ftrength , 
as much as the body of man is by ^circulation of the blood through the 
fever alparts of the body, the Arms, the Fat, the Lungs, the Heart , and the 
Head. 

If once this method were followed with diligence and attention, there is 
nothing that lyes within the power cf human Wit (or which is far more 
ejfeHual ) of human Induftry , which we might not compafa ; we might 
not only hope for Inventions to equalize tbefe cf Copernicus, Galileo, 
Gilbert Harvy, and of others, whofa Names are almoft loft, that were the 
Inventors of' Gun-powder, the Seamans Compafs, Printing, Etching, 
Graving, Microfcopes,&c. but multitudes that may far exceed them : 
for even thofedifeoverks feem to have been the produtxs of fome fuch me- 
thod, though but imperfect ; What may not be therefore expefied from it if 
thoroughly profecuted? Talking and contention of Arguments would 
fm be turn’d into labours ; all the fine dreams of Opinions, and uni- 
verfalmetaphyfical natures, which the luxury cf fabtil Brains has de- 
vis'd, would quickly vanifh, and giveplace to folid Hiftories, Experi- 
ments and Works . And as at fir ft, mankind te\l by tatting cf the 

forbidden Tree of Knowledge, fo we,their Pofterity, may be in part reftor’d 

by 
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by the fame way, not only by beholding and contemplating, but by ta- 
iling too thofe fruits of Natural knowledge, that were never yet forbidden* 

From hence the World may be ajfified with variety of Inventions , new 
matter for Sciences may be colle&ed, the old improv’d, and their rufi: 
rubb'd away ; and as it us by the benefit of Senfes that we receive all our 
Skjll in the works of Nature ,fo they alfo may be wonderfully benefited by 
tt y and may be guided to an eafier and more exalt performance of their 
Offices ; ’tvs not unlikely, but that we may find out wherein our Senfes are 
deficient, and as eafily find wayes of repairing them. 

The Indeavours of Skilful men have been mofi converfant about the 
ajfifiahce of the Eye , and many noble Productions have followed upon it ; 
and from hence we may conclude , that there is a way open d for advancing 
the operations , not only of all the other Senfes, but even of the Eye it felfithat 
which has been already done ought not to content us, but rather to incourage 
us to proceed further, and to attempt greater things in the fame and diffe- 
rent wayes. 

’ Tvs not unlikely, but that there may be yet invented fever al other 
helps for the eye,as much exceeding thofe already found, as thofe do, the bare 
eye,fuch as by which we may perhaps be able to difcover living Creatures in 
the Moon, or other Planets, the figures of the compounding Particles of 
matter, and the particular Schematifms Textures of Bodies. 

And as Glafles have highly promoted our feeing, fo ’tis notimproba - 
ble,but that there may be found many Mechanical Inventions to improve 
our other Senfes, of hearing, fuelling, tailing, touching. ’Tis not 
impoffible to hear a whifper a furlongs difiance, it having been already 
done ; and perhaps the nature of the thing would not make it more im- 
poffible, though that furlong flmldbe ten times multiply d. And though 
fome famous Authors have affirm'd it impoffible to hear through the thin- 
ned: plate of Mufcovy-glafs ; yet I know a way, by which tiseafie enough 
to hear one ffieak through a wall a yard thick. It has not been yet 
thoroughly examin'd, how far Otocoufticons may be improvd,nor what 
other wayes there may be of quickning our hearing, or conveying found 
■through other bodies then the Air: for that that is not the only medium, 
I can ajfure the Reader, that I havefiy the help of a diftended mrc,propa- 
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aated the found to a very confiderable difiance in an inftant, or with cvs 
feemingly quick a motion as that of light, at leaf, incomparably fwifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a firaight line , or dire®, but in one bended in many 

angles. . : 

Nor are the other three foperfeftffiut that diligence, attention, and 

many mechanical contrivances, may alfo highly improve them. For 
fincethe fenfeof fmdYmgfeems to be made by the fwift palfage of the 
Air ( impregnated with the fieams and effluvia of fever al odorous 
Bodies j through the grifly meanders of the Nofe whofe furfaces are 
cover’d with a very fenfible nerve , and moiftned by a tranfuda- 
tion from the proceliiis mamillares of the Brain , and fome ad- 
joyning glandules, and by themoifi Ream of the Lungs, with a Liquor 
convenient for the reception of thofe effluvia and by the adhefion and 
mixing of thofe fieams with that liquor, and thereby a felting the nerve, or 
perhaps by infiinuating themfelves into the juices of the brain , after the 
fame manner, as I have in the following Obfervations intimated, the parts 
of Salt topafl through the skins of Efs, and Frogs. Since, I fay, fuelling 
feems to be made by fome fuch way, ’ tvs not improbable, but that fome con- 
trivance, for making a great quantity of Airpafi quickthrough the Nofe, 
might as much promote the fenfe of fmelling, as the any wayes hindringthat 
paf ige does dull and deflrey it. Several try ah I have made , both of 

hindring and promoting this fenfe, and have jucceeded in fome according to 
expectation • and indeed to me it feems capable of being improv d , for the 
judging of the confiitutions of many Bodies. Perhaps we may thereby 
alfo fudge fas other Creatures feem to doj what is wholforne,what poyfon ; 
and in a word, what are the ffecifick properties of Bodies. 

There may be alfo fome other mechanical wayes found out , of fenfibly 
perceiving the effluvia of Bodies ; fever al Infiances of which, were it here 
proper I could give of Mineral fieams and exhalations ; and it feems not 
vnpofftble but that by fome fuch wayes improved, may be difcover ed, what 
Minerals lyebuned under the Earth, without the trouble to dig for them * 

Zfi 1 "fd COn k"‘ t } is , Cm j eau 'n m V f°“nd in Agricola, and old 
Wntersof Minerals, /peaking of the Vegetalles that are apt to thrive, or 
fine, mthofe fleams. e u „\ 
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Whether alfo thofe fleams, which feern to ijfueout of the Earth , and 
mix with the Air ( and fo to precipitate fome aqueous Exbalations,where- 
with ’tit impregnated 'y may not he hy fome way deteded before they produce 
the efeft, feems hard to determine ; yet fomething of this kind I am able to 
dif cover fiy an Infir ument I contriv'd to flew all the minute variations in 
theprejfure of the Air ; by which Iconjiantly find, that before ^ and during 
the time of rainy weather , theprejfure of the Air us left, andin dry wea- 
ther , but efpecially when an Eaftern Wind ( which having paft over 
vafi trails of Land is heavy with Earthy P articles ) blows , it is much 
more , though thefe changes are varied according to very odd Laws . 

The Inftrument is this. I prepare a pretty capaceous Eolt-head A with 
a fmall (tern about two foot and a half long D C 5 upon the end of this D 
I put on a fmall bended Glals,or brazen Syphon D E F ( open at D, E and F, 
but to be doled with cement at F and E, asoccafion ferves) whole emF 
lliould be about fix or eight inches long, but the bore of it not above half an 
inch diameter, and very even 5 thefe I fix very ftrongly together by the help 
of very hard Cement , and then fit the whole Clafs ABC D E F into a long 
Board,orFrame,in fuch manner, that almoft half the head A B may ly e buri- 
ed in a concave Hemifphere cut into the Board IRS ; then I place it loon 
the Board RS, as is expreft in the firft Figure of thehrft Scheme 5 and fix 
it very firm and fteady in that pofture, fo as that the weight of th c Mercury 
that is afterwards to be put into it, may not in the lea ft (hake or ftir ** ? f h en 
drawing a line X Y on the Frame R T, fo that it may divide the ball into 
two equal parts, or that it maypafs, as twere, through the center of the 
ball 1 begin from that, and divide all the reft of the Board towards LI T 

^to* inches^nd the inches between the ? 5 and l ^ c I fubdivide 

above two or three and thirty inches diftant from the line X Y) I lubdivide 
into Decimals; then flopping the end F with fott Cement, or loft Wax, I in- 
The Frame, placing thelead downwards, and the Onfiee E upwards , 
Ld by it, with a fmall Funnel, I fill the whole Clafs with Quickfilver 5 then 
bv flopping the fmall Orifice E with my finger, I oftentimes ereft aiid inveit 
the whole Glafs and Frame, and thereby free the Quickfilver and Clafs from 
all the ^bubblt or parcels of lurking Air ; then inverting it as before, I fill it 
f with cleat and well ftrain d Quickfilver, and having made ready a 

foai^baU of pretty hard Cement, by heat made very lift, I prefs ,t into the 
fmall ball ot pretty ^ ^ and tQ fecure this Cement from flying 

thus faftned it, 1 gently g touc u the Floor, or ly horizon- 

Frame down edge-wayes, t,U the edge R V ^ , do , that if 

tal 5 and then in that P° ur ^ . g • afcend into the 

there chance to be any Air hidden m P m 7 „ b 
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and bv a fmall Syphon I draw out the Mercury fo long, till I find the furface of 
it AB in the head to touch exactly theline XY; at which time I immedi- 
ately take away the Syphon , and if by chance it be run fomewhat below 
the line X Y, by pouring in gently a little Mercury at F, I raile it again to 
its defired height , by this contrivance I make all the fenlible nfing and fal- 
ling of the Mercury to be vifible in the furface of the Mercury in the Pipe F, 
and fcarce any in the head A B. But becaufe there really is fome fmall 
change of the upper furface alfo, I find by feveral Obfervations how much 
it rifes in the Ball, and falls in the Pipe F, to make the diftance between the 
awo furfaces an inch greater then it was before ; and the meafure that it 
falls in the Pipe is the length of the inch by which I am to mark the parts of 
the Tube F, or the Board on which it lyes, into inches and Decimals: Ha- 
ving thus juftned and divided it, I have a large Wheel M N O P, whole 
outmoft limb is divided into two hundred equal parts ; this by certain fmall 
Pillars is fixt on the Frame RT, in the manner expreft in the Figure. In 
the middle of this, on the back fide, in a convenient frame, is placed a fmall 
Cylinder, whofe circumference is equal to twice the length of one of thole 
divifions, which I find anfwertoan inch of afeent, or defeent, of Mercury : 
This Cylinder I, is movable on a very fmall Needle , on the end of which is 
fixt a very light Index K L, all which are fo pois’d on the Axis, or Needle, 
that no part is heavier then another : Then about this Cylinder is wound a 
fmall Clew of Silk, with twolmall fteel Bullets at each end of it G H; one 
of thefe, which is fomewhat the heavier, ought to be lb big, as freely to 
move to and fro in the Pipe F ; by means of which contrivance , every the 
leaft variation of the height of the Mercury will be made exceeding vifible 
by the motion to and fro of the fmall Index K L. 

But this is but one way of difeovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many other s,witnefi the Hygrofcope, 
an Inftrument whereby the watery fleams volatile in the Air are difeerned, 
which the Nofe it felf is not able to find. 7 his I have deferib d in the 

following TralU in the Defcription of ihe Beard of a wild Oat. Others there 
arejnay be difeovered both by the Nofe , and by other wayes alfo. Thus 
thefmoA cf burning Wood is fmelt, feen, and fufficicntly felt by the 
eyes: The fumes of burning Brimftone are fmelt and difeovered alfo 
y the deftroying the Colours of Bodies , as by the whitening of a red 
Rofe .• Andwho Knows, but that the Indufiry of man, following this me- 
thod,may find out wayes of improving thisfenfe to as great a degree ofper- 
jection as it is in any Animal, and perhaps yet higher. 

■7« net improbable alfo,but that our tafte may be very much improv’d 
^preparing ourtajl for the Body, * after eatlg ujthlj 
Wme,»- other V ln0 »s liquors, are morefenftbly tajted ; or elfe by pfe- 

paring 
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paring Bodies for our taft ; as the dijfolving of Metals with acid Liquors , 
make them tafiable , which were before altogether infipid ; thus Lead be- 
comes Tweeter then Sugar , and Silver more bitter then Gall , Copper 
and Iron of rnojl loathfome tafls. And indeed the bufmefi of this fenfe 

being to difeover the prefence of diffolved Bodies in Liquors put on the 
Longueur in general to difeover that a fluid body has fome folid body diffolvd 
in it , and what they are ; whatever contrivance makes this difeovery 
improves this fenfe. In this kind the mixtures of Chymical Liquors af- 
ford many Infiances ; as the fweet Vinegar that is impregnated with 
Lead may be difovered to be Jo by the affufion of a little of an Alcalizate 
folution : The bitter liquor of Aqua fortis and Silver may be difeover d 
to be charg’d with that Metal, by laying in it fome plates of Copper : 

’ Tvs not improbable alfofut there may be multitudes of other wayes of difeo- 
vering the parts diffolv d, or difjoluble in liquors ; and what is this difeo- 
very but a kindof fecundary tailing. 

’Tis not improbable alfojbut that the fenfe of feeling may be highly im- 
prov'd, for that being a fenfe that judges of the more grofs and robuft 
motions of the Particles of Bodies, feems capable of being improv’d and 
affified very marry wayes. Thus for the difiinguifhing o/Heat and Col d,the 
Weather-glafs and Thermometer, which 1 have deferib’d in this follow- 
ing Treatife , do exceedingly perfect it ; by each of which the leaf varia- 
tions of heat or cold, which the rnojl Acute fenfe is not able to diflinguifh,are 
manifefled This is oftentimes further promoted alfo by the help of Burn- 
ing-glafles, and the like, which collect and unite the radiating heat. Thus 
the roughnefs and fmoothnefs of a Body is made much more fenfible by 
the help of a Microfcope, then by the rnojl tender and delicate Hand. 
Perhaps, a Phyfitian might, by fever al other tangible proprieties, difeover 
the confutation of a Body as well as by the Pulfe. I do but infiance in 
thefe,to fhew what poffibility there may be of many others, and what proba- 
bility and hopes there were of finding themjif this method were followed ; 
for the Offices of the five Senfes being to deteUi either the fubtil and curi- 
ous Motions propagated through all pellucid or perfectly homogeneous 
Bodies; Or the more grofs and vibrative Pulfe communicated through 
the Air and all other convenient mediums, fluid or folid : Or the 

effluvia 
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effluvia of Bodies diffolvVl in tk Air ; Or the particle! gUiesM- 
folv’d or diffoluble in Liquors, or the more quick ^violent ma- 
king motion n/'heat in all or any ofthefe: whatever does any wayes pro- 
mote any ofthefe kinds ofc riteria, does afford away of improving fome 
one fenfe. And what a multitude of the fe would a diligent Man meet 
with in his inquiries ? And this for the helping and promoting the fenfi- 

tive faculty only. . r . . „ . , 

Next, as for the Memory, or retentive faculty, we may be fuffciently 

infirufied from the written Hiftories of civil aft ions, what great affi - 
fiance maybe afforded the Memory, in the committing to writing things ob- 
fervable in natural operations. If a Phyfitian be therefore accounted the 
more able in his Faculty, becaufe he has had long experience and prafiice, 
the remembrance of which, though perhaps very imperfect, does regulate all 
his after actions : What ought to be thought of that man , that has not only 
a perfebi regifter of his own experience, but is grown old with the experience 
of many hundreds of years , and many thoufands of men. 

And though of late , men, beginning to be fenfible of this convenience, 
have here and there regiflred and printed fome few Centuries, yet for the 
mofipart they are fet down very lamely and imperfefily, and, I fear, many 
times not fo truly , they feeming, fever al of them, to be defignd more for 
Ollentation then p ublique ufe : For, not to infiance,that they doffor the 
mofi p art, omit thofe Experiences they have made , wherein their Patients 
have mifearriedfit is very eafie to be perceiv’d, that they do all along hyper- 
bolically extol their own Prefcriptions, and vilifie thofe of others, Not- 

withfianding all which , thefe kinds of Hifiories are generally efteem'dufe- 
ful, even to the ablefi Phyfitian. 

What may not be expefied from the rational or deduftive Faculty 
that isfurnijht with fuch Materials, and thofe fo readily adapted, and 
rang'd for ufe, that in a moment, as twere, thoufands of Inflames, fervim 
for t^illuftracion, determination, or invention, cfalmoft any inquin 
maybe reprefented even to the fight ? Howneer the nature of Axioms 
mufi all thofe Propoficions be which are examin’d before fo many Wk- 

neffCS vi dl fi Cuh XtllllX be f° r anh thou F h never fo fubtil an er- 

rcr mPhihftyhy, to fcape from being d, [cover'd. \ ajier it hat indurdtk 
touch, andfo many other tryals ? J What 
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What kind of mechanical way, andphyftcal invention alfo is there re - 
quit cl, that might not this way be found out ? The Invention of a way to 
find the Longitude of places Is taftly perform'd, and that to as great per- 
fection as vs defir d, or to as great an accuratenefs as the Latitude of 
places can be found at Sea ; and perhaps yet alfo to a greater certainty 
then that has been hitherto found, as 1 fifjall very ffeedily freely manifeji to 
the world The way of flying in the Air feems principally impracticable, 
by reafon of the want of ftrength in humane mufcles ; if therefore 
that could be fuppli d,it were, I think., eafie to make twenty contrivances to 
perform the office o/Wings : What Attempts alfo I have made for the 
fupplying that DefeCt, and my fuccefes therein, which, I think, are wholly 
new,and not inconfiderable, I fid all in another place relate. 

y Tis not unlikely alfo, but that Chymifts, if they followed this method, 
might find out their fo much fought for Alkaheft. What an univerfal 
Menftruum , which diffolves all forts of Sulphureous Bodies, I have 
difcoverd ( which has not been before taken notice of as juch ) I have 
fljewn in the ftxteenth Obfervation. 

What a prodigious variety of Inventions in Anatomy has this latter 
Age afforded, even in our own Bodies,in the very Heart, by which we live, 
and the^czm, which is the feat of our knowledge of other things ? witnefl 
allthe excellent Works of Pecquet, Bartholinus, Billius, and many 
others ; and at home, of Doftor Uzrvy,Doftor Ent, Doftor Willisfioftor 
Gliflbn. 7/zCeleftial Obfervations we have far exceeded all theAn- 
tients,even the Chaldeans and Egyptians thernfelves , whofe vaft Plains, 
high Towers, clear Air, did not give thorn fo great advantages over 
us, as we have over them by our Glafles. By the help of which, they have 
been very much outdone by the famous Galileo, Hevelius, Zulichem ; 
and our own Countrymen, Mr. Rook, Dottor Wren, and the great Orna- 
ment of our Church and Nation, the Lord Bifhop of Exeter. And to fay 
no more in Aerial Difeoveries, there has been a wonderful progreft made 
by the Noble Engine oft he mod Illuftrious Mr. Boyl e,whom it becomes 
me to mention with all honour, not only as my particular Patron,but as the 
Patron of Philofophy it felf ; which he every day increafes by his La- 
bours, and adorns by his Example. 
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The good fuccejl of all thefe great M m,and many others, and the now 
feemingly great obvioufnefs of mojl of their and divers other Inventions , 
which from the beginning of the world have been, as ’ twere , trod on, and 
yet not minded till thefe laft inquifitive Ages ( an Argument that there 
may be yet behind multitudes of the like ) puts me in mind to recommend 
fuch Studies, and the profecution of them by fuch methods , to the Gentlemen 
of our Nation,whofe leifure makesxhem fit to undertake, and the plenty 
of their fortunes to accomplilh, extraordinary things in this way. And I 
do not onlypropofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of the mind, but even as a material and fenfi- 
ble Pleafure. So vaft is the variety of Gbjefts which will come under 
their Infections, fo many different wayes there are of handling them, fo 
great is the fatisfa&ion of finding out new things, that I dare compare 
the contentment which they will injoy,notonlytothatof contemplation, 
but even to that which moft men prefer of the very Senfes thernfelves. 

And if they will pleafe to take any incouragement from fo mean 
and fo imperfed endeavours as mine, upon my own experience, I can 
afure them, without arrogance. That there has not been any inquiry or Pro- 
blem in Mechanicks, that I have hither to propounded to my felf, but by a 
certain method, ( which I may on fome other opportunity explain y I have 
been able prefently to examine the poffibility of it • and if fo, as eafily to ex- 
cogitate divers wayes of performing it : And indeedit ispojfible to do as 
much by this method in Mechanicks, « by Algebra can be perform'd in 
Geometry Nor can I at alldoubt, butthat the fame method is as 2 
fhcabkto Phyfica Enquiries, <W«s likely to. find ard reap thence a, 
plentiful a erf of Inventions ; and indeed there feems to be no fubjecl Co 
bmenjmt may mth this good husbandry be highly inf rov'd. 

Toward the profecution of this method in Phyiical Inquiries Have 
feW^egleaned^^handM of Obfervations, inthecolkaLcf 
moji of which Imade ufe 0 / Microfcopes, and fome other Glades and In 
ftruments that improve the fenfe ; which way I have herein takin not 

World, 
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World, and for the difcovery of man y others hitherto unknown, and to make 
mycith the great Conqueror, to be affetied that we have notyet overcome one 
World when there are fo many others to be difcovered every confiderable 
improvement cfT elefcopes or Microfcopes producing new Worlds arid 
Terra-Incognita’s to our view. 

The Glafes Iufedwere of our Englijh mkefiut though very good of the 
kind, yet far flortcf what might be expelled, could we once find a way of 
making Glafes Elliptical , or of fomemore true fhape ; for though both 
Microfcopes, <wa/Telefcopcs, as they now are, willmagnifiean Objett 
about a thoufand thoufand times bigger then it appears to the naked eye ; 
yet the Apertures of the Objett-glafes are fo very fmdlfthat very few Rays 
are admitted, and even of thofe few there are fo manyfalfe, that the Objeti 
appears dark and indiftinft : Andindeed thefe inconveniences are fuch, as 
feern infepar able from Spherical Glafes, even when mofi ex a lily madefiut 
the, way we have hitherto made ufe of for that purpofe us fo imperfett,that\there 
may be perhaps ten wrought before one be madetolei ably good, and mofi of 
thofe tenperhaps every one difering in gcodnefi one from another, which is 
an Argument,that the way hitherto ufed is,at leaft,very uncertain . So that 
thefe Glafes have a double defett;the one,that very few of them arc exactly 
truewrought ; the other, that even of thofe that are befi among them, none 
will admit a fufficient number of Rayes to magnifiethe Objeli beyond a 
determinate bignefi. Againfi which Inconveniences the only Remedies I 
have hitherto met with are thefe. 

Firft fox Microfcopes ( where the Object we view is near and within our 
power)the beft way of making it appear bright in the Claris to carta great 
quantity of light on it by means of convex glafes, for thereby , though the aper- 
ture be very fmall, yet there will throng in through it fuch multitudes, that an 
Obi& will by this means indure to be magnifies much again as it would 
be without it? The way for doing which is this. I make choice of fume 
Room that has only one window open to the South , and at about thiceoi 
four foot diftance from this Window,on a Table,. I place my Microfcope , and 
then fo place either a round Globe of Water, or a very deep clear piano con- 
vex Glafs ( whofe convex fide is turn’d towards the Window ) t at 
h a great quantity of Rayes collected and thrown upon the Obwft: Or if 
Jhe Sun rtrnie, I place a fmall piece of oyly Paper very near the Obje^ be- 
IuTZa rhe liaht ; then with a good large Burhing-Glafs I lo col left 
™d e th OW the Raycf on th?Pap«,thi there nfay be a 
of Light pafs through it to theObjeft s ye. I fo proportion that light, that it 
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may not finge or burn the Paper. Inftead of which Paper there may be 
made ufe of a fmall piece of Looking-glafs plate , one of whole fides is made 
rough by being rubb’d on aflat Tool with very find land, this will, if the 
heat be leifurely cart on it, indure a much greater degree of heat, and con- 
lequently very much augment a convenient light. By all which means the 
light of the Sun, or of a Window, may be fo caft on an Object, as to make it 
twice as light as it would otherwife be without it, and that without any in- 
convenience of glaring, which the immediate light of the Sun is very apt to 
create in moft Objetts} for by this means the light is fo equally diffuled, 
that all parts are alike inlightned 5 but when.the immediate light of the Sun 
falls on it, the reflexions from fome few parts are fo vivid, that they drown 
the appearance of all the other, and are themfel ves alio, by realbn of the in- 
equality oflight, indirtinft, and appear only radiant Ipots. 

But becaule the light of the Sun, and alfo that of a Window, is in a conti- 
nual variation, and fo many Objects cannot be view’d long enough by them 
to be throughly examin’d; btfides that, oftentimes the Weather is fo dark 
and cloudy, that for many dayes together nothing can be view’d : And be- 
caule alio there are many Objerts to be met with in the night, which cannot 
fo conveniently be kept perhaps till the day, therefore to'procure and caft a 
fufficient quantity of light on an Obje&in the night, I thought of, and often 
ufed this, Expedient. 

Iprocur d me a fmall Pedeftal , fuch as is deferib’d in the fifth Figure of 
the mu. Scheme on the fmall Pillar A B, of which were two movable 
™ 5 *i CD » w Wch by means of the Screws E F, I could fix in any part of 
the Pillar ; on the undermoft of theie I plac d a pretty large Globe of Glafs 
SfiMil V 7i! h ? Ceed,ng ^ clearBnne rtopt inverted, and fixt in the manner 

Atm H whhI' gUr " 5 ° Ut ° f T fld r )f r whlch Arm Proceeded another 
Aim H, with many joynts 5 to the end of which was fartned a deep plain 

Convex glafs I which by means of this Arm could be moved too and fLrtmd 

5 m IH r y r fture j ° n th u e upper Arm was P laced a fmall Lamp K which 
could be lo mov d upon the end of the Arm , as to be fet in a fifpofture to 

give light through the Ball : By means of this Inftrument duly plac’d as is 
expreft in the Figure with the fmall flame of a Lamp may be c ftas^rea 
and convenient a light on the Objecrt as it will well incWnrS 1 - t g 
conftant, and to be had at any time I fo?" d ^oft nrZf f ?" g 

r ToScf °n SO f- t h 0fefmal i 1 occlr™rbrervc raW,ngthe 

rfc of by any l 

fuch a Figure ° b ^6 of 

. As j° r y e J e ^ co P es ’ ^ m b improvement they feem capable of is the 
increaftng of their length ; for the OhjeOhe^rZe, Z 'Ll t 

means. 
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means, the longer the Glafi be, the bigger aperture will it bear, if the Glaffes 
be of an equal goodntfi in their kind. Therefore a fix will indure a 
much larger Aperture then a three foot Glafi ; and a ftxty foot Glafi will 
proportionably bear a greater Aperture then a thirty, and will a s much ex- 
cel it alfo as a fix foot does a three foot, 06 1 have experimentally obferv'd 
in ode of that length made by Mr. Richard Reives here at London, 
which will bear an Aperture above three inches over , and yet mak$ 
the Objett proportionably big and diftintt ; whereas there are very 
few thirty foot Glaffesthat will indure an Aperture of more then two in- 
ches over. So that for T elefcopcs , fuppofing we had a very ready way 
of making their Objeti Glajfesof exatily jpberical Surfaces , we might , by 
increafmg the length of the Glafi , magnifie the Objett to any affignable big- 
nefi. And for performing both thefe , I cannot imagine any way more ea- 

fie,and more exafi, then by this following Engine fiy means of which , any 
Glaffes,of what length foevtr, may be fpeedilymade.lt feems the mojl eafte, 
becaufe with one and the fame Tool may be with care ground an Objeft 
Glafi, of any length or breadth requifite , and that with very little or no 
trouble in fitting the Engine , and without much skill in the Grinder . 
It feems to be the mofi exalt , for to the very lafi flroke the Glafi does 
regulate and rettifie the Tool toitsexaft Figure ; and the longer or more 
the Tool and Glafi are wrought together , the moreexatt will both of them 
be of the defir d Figure. Further, the motions of the Glafi and Tool do 
fo crofi each other , that there is not one point df eithers Surfacefiut has 
thoufands of crofi motions thwarting it , fo that there can be no kjndof 
' Rings or Gutters made either in the Tool or Glafi. 

The contrivance of the Engine is, only to make the ends of two large 
Mandril* fo tomove , that the Centers of them may be at any convenient 
diftance afunder , and that the Axis of the Mandrils lying both m the lame 
plain produc’d, may meet each other in any affignable Angle j both whic 

requifites may be very well perform’d by the Engine deferib d in the thn 

Figure of the firft Scheme : where A B fignifics the Beam of a Lath hxt per- 
pendicularly or Horizontally, C D the two Poppet heads fixt at about two 
foot diftance, E F an Iron Mandril , whofe tapering neck F runs in an adapt- 
ed tapering brafs Collar 5 the other end E runs on the point of a Screw C, 
in a convenient place of this is fliftned H a pully Wheel, and into the en 
it, that comes through the Poppet head C, is fcrewed a Ring of a hollow 
Cylinder K, or fome other conveniently ftiap d Tool, of what widenefs fl • ^ 
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be thought moft proper for thecizeof Glafles , about which it is to be im- 
olov’d S As, for Objed glafles, between twelve foot and an hundred foot 

W the Ring may be about fix inches over, or indeed fomewhat 
more for thofe^onger Glafles. It would be convenient alfo, and not 
very chargeable, to have four or five feveral Tools 5 as one for all Glafles 
between an inch and a foot , one for all Glafles between a foot and ten foot 
long another for all between ten and an hundred^ fourth for all between a- 
hundred and a thoufand foot longs and if Curiofity Ihall ever proceed fo 
far one for all lengths between a thoufand and ten thoufand foot Jong 3 tor 
indeed the principle is fuch,that fuppofing the Mandrils well made, and of a 
good length, and fuppofing great care be ufed in working and pohffiing 
them, I fee no reafon,but that a Glafi of a thoufand, nay of ten thoufand foot 
long,’ may be as well made as one of ten 3 for the reafon is the fame, fuppofing 
the" Mandrils and Tools be made fufficiently ftrong, fo that they cannot 
bend 3 and fuppofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in its parts as to refraftion: this. hollow Cylinder K 
is to contain the Sand, and by being drove round very quick to and fro by 
means of a fmall Wheel, which may bemov d with ones foot, ferves to grind 
the Glafs : The other Alandril is fhap’d like this, but it has an even neck in- 
ftead of a taper one, and runs in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be ftill ad juftned to the wearing or 
wafting neck : into the end of this Alandril is fcrewed a Chock N, on which 
with Cement or Glew is faftned the piece of Glals Q_that is to be fbim'd 3 
the middle of which Glafi is to be plac’d juft on the edge of the Ring, and 
the Lath O P is to be fet and fixt ( by means of certain pieces and lerews, 
the manner whereof will be fufficiently evidenc’d by the Figure ) in fiich 
an Angle as is requifite to the forming of fuch a Sphere as the Glafi is de- 
fign’d to be of 3 the geometrical ground of which being fufficiently plain, 
though not heeded before, I (hall, for brevities fake, pafi over. This lafi: 
Mandrills to be made ( by means of the former, or fome other Wheel ) to 
run round very fwift alfo, by which two crofi morions the Glafi cannot • 
chufe ( if care be us’d ) but be wrought into a moft cxa&ly fphcrical 
Surface. 

But becaufe we are certain, from the Laws of refr aaion ( which 1 
I have experimentally found to be fo,by an Inftrument I fhall prefently de- 
feribey that the lines of the angles of Incidence are proportio- 
nate to the lines of the angles of Refraction, therefore if Glafi es could 
be made of thofe kind of Figures, or fome other , fuch as the moft incompa- 
rable Des Cartes has invented, and dernonft rated in his Phitofiphical and 
Mathematical Work§,we might hope for a much t greater perfection ofOpticks 
then can be rationally expend from fpherical ones; for though, ceteris pa- 

tyyjf A V kl t Vrtk , Wc0pe art, and the 

fijoi ter thofe of AM,crofcope,^ better thy magnifie, yet both of then,, 
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beftdefuch determinate dimenfms , areby certain inconveniences rendred 
unufeful ; for it mil be exceeding difficult to make and manage a Tube 
above an hundred foot long, and it will be at difficult to inlighten an 
Objett left then an hundred part of an inch difiant from the Object Glafi. 

I have not as yet made any attempts of that kind , though I know two or 
three wayes, which , as far as I have yet confidered ' feem very probable,and 
may invite me to make a tryal as foon as I. have an opportunity , of which l 
may hereafter perhaps acquaint the world . In the Interim , I fballdefcribe 
the Inftrument I even now mentiorid^ by which the refraction of all kinds 
of Liquors may be moft exattly meafur’d, thereby to give the curious an 
opportunity cf making what further tryals of that kind they fhall think, 
requifite to any of their intended tryals ; and to let them fee that the laws 
cf Refraction are not only notional. 

The Inftrument confifted of five Rulers , or long pieces placed together, 
after the manner expreft in the fecond Figure of the firft Scheme , where 
A B denotes a ftraight piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the ac Ik eof 
which was hung afmall plummet by a line ftretcht from top to bottom, by 
which this piece was fet exactly upright,and fo very firmly fixt $ in the mid- 
dle of this was made a hole or center, into which one end of a hollow cy- 
lindrical brafsBox CC, falhion’d as I fliall by and by defenbe, wasplac d, 
and could very eafilyand truly be mov’d to and fro } the other end or this 
Box being put into, and moving in, a hole made in afmall arm UU, into 
this box was faftned the long Ruler E F, about three foot and three or lout- 
inches long, and at three foot from the above mention’d Centers P 1 was 
a hole E, cut through, and crofs’d with two fmall threads, and at the : end of 
it was fixt afmall fight G, and on the back fide of it wasfixta fmall Ar m H 
with a Screw to fix it in any place on the Ruler LM; this Ruler LM was 
mov’d on the Center B (which was exactly three foot diftance from the 
middle Center P ) and a line drawn through the midd e of it LM, was 
divided by a Line of cords into lome fixty degrees,and each degree was fub- 
dividedinto minutes, fothat pul ttingt the crofi °f the threads mEu^ 
part of this divided line, I prefently knew what Angle the two Rules A B 
and EF made with each other, and by turning the Screw inH, I emildhx 
them inanypofition. The other Ruler alfo RS was made much after the 
fame mannerly it was not fixt to the hollow cylindrical 
of two fmall brafs Armes or Ears, it mov d on the Centers of it , thisallo, 
bv means of the crofs threads in the holeS, and by a Screw in K, could be 
fanned on any divifion of another line of cords of the fame radius drawn on 
N O And fo by that means, the Angle made by the two Rulers, A B an 
R S ' was alfo known. The Brafs box C C -in the middle was (hap d very 
much like the Figure X, that is, it was a cylindrical Box ftopp d clofe at ei- 
ther end,off of which a part both of thefides and bottomes was cut out, fo 
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that the Box,’ when the Pipe and that was joyned to it, would Contain the 
Water when fill’d half full, and would likevvife, without running ovei, in- 
dureto be inclin’d to an Angle , equal to that of the greateft refraction bf 
Water and no more, without running over. The Ruler E F was fixt very raft. 



to 



ater.nna nuiiiuicjWiLiiuuL^iM— , 

the Pipe • V, lo that the Pipe V dire&ed the length of the RulerE F, and 
the Box and Ruler were mov’d bn the Pin T T, fo .is to make any defi- 
rable Angle with the Ruler AB. The, bottom of this PipeV wasftop’d 
with a (mail piece of exactly plain Glafs , which was plac'd exactly per- 
pendicular to the Line of direction, or Axis of the Ruler E F. The Pins 
alfo T T were drill’d with fmall holes through the Axisjmd through thofe 
holes was ftretcht and faftned afmall Wire. There was likewife a fmall 
Pipe of Tin loofly put on upon the end ofV, and reaching down to the 
fight G; the ufe of which was only to keep any falle Raves of light from 
palling through the bottom of V, and only admitting fuch to pals as pier- 
ced through the fight G: All things being placed together in the manner 
deferib’d in the Figure 3. that is, the Ruler AB being fixt perpendicular, I 
filfd- the Box C C with Water ; or any other Liquor, whofe refraction I in- 
tended to try , till the Wire palling through the middle of it were juft co- 
vered : then I moved and fixt the Ruler F E at any aflighable Angle, and 
placed the flame of a Candle juft againft the fight G , and looking through 
the fight I, I moved the Ruler Pv S to and fro, till I perceived the light pafi 
ling through G to be covered, as ’twere, or divided by the dark Wire pafi 
ling through PP: then turning the Screw i.iK, I fixt it in that pofture : 
And through the hole S, Iobferved vvliat degree and part of it was cut by 
the crofs threads in S. And this gave ine the Angle of Inclination, APS 
anfvveringto the Angle of Rcfraftion BPE: for the furface of the Liquor 
in the Box will be alwayes horizontal , and confequcntly AB will be a 
perpendicular to it 5 the Angle therefore APS will meafure, or be the 
Angle of Inclination in the Liquor 3 next EPB muftbe the Angle of Re- 
fraction, for the Ray that pafles through the fight G, paftesalfo perpendicu- 
larly through the Glafs Diagragme at F, and confequcntly alfo perpendi- 
cularly through the lower furface of the Liquor contiguous to the Glafs. and 
therefore fuffersno refradhon till it meet with the horizontal furface of the 
Liquor in C C, which is determined by the two Angles. 

By means of this Inftrument I can with little Trouble, and a very 
fmall quantity of any Liquor, examine^ moft accurately , the refra&iori 
of it, not only for one inclination, but for all; and thereby am indie J 
to make yry accurate Tables ; fever al of tchich Ihave alfo exferimentalh 
made,and find that Oylof Turpentine hasamuchgreaterRefraaim 
then Spirit of Wine , tboughitbe lighter; and that Spirit of Wine 

(TdT n ,ht Mmthm WaKr ’ be lighter alfo ; hutthat 

, e ‘ a { 0 bo* 0 greater Refrabhon then frefh, though it be heavier - 

& TX T a thm commn though he I 

alfo. So that ,t /cents, as to the refnflion made in a Liquor,, the Tpeci- 

lick 
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fick gravity h of no efficacy. By this I have alfo found,thatlooh.what pro- 
portion the Sine of the Angle of ow Inclination hat to the Sin eof the 
Angle of Refra&ion, correffondent to it, the fame proportion have all 
the Sines of other Inclinations to.the Sines of their appropriate Refractions. 



My way for raeafuring how much.a Glals magnifies an Objeft, placd ata 
convenient diftance from my eye, is this. Having reftifi d the Microfcope, to 
fee the defir’ d Objeft through it very diftinftly, at the fame time that 1 look 
upon the Ob jeft through the Glafs with one eye, I look upon other Objcfts 
at the fame diftance with my other bare eye ; by which means I am able, 
by the help of a Ruler divided into inches and lmall parts, and laid on the 
Pedeiial of the Microfope,to caft.as it were, the magnifi’d appearance of the 
Objeft upon the Ruler, and thereby exactly to meafure the Diameter it ap- 
pears of through the Glafs, which being compar’d with the Diameter it ap- 
pears of to the naked eye , will eafily afford the quantity of its magmfy- 



Srhe Microfcope which for the moll part I made ufe of, was (hap d much 
like that in the (ixth Figure of the firft Scheme , theTube being for the moft 
part not above fix or feven inches long,though, by reafon it had four Draw- 
ers it could very much be lengthened, as occalion required ; this was con- 
triv'd with three Glaffes;a fmall Objeft Glafs at A, a thinner Eye Glafs about 
B and a very deep one about C : this Imade ule of only when I hadoc- 
cafion to fee much of an Objeft at once; the middle Glafs conveying a 
very great company of radiating Pencils, which would go another way, and 
throwingthem upon the deep Eye Glafs. But when ever I had occalion to 
examine the fmall parts of a Body more accurately , I took out .the middle 
Glals and only made ufe of one Eye Glals with the Objeft Glafs, foi always 
the fewer the Refraftions are, the more bright and clear the Objecc appears. 
And therefore ’tis not to be doubted , but could we make a Microfcope to 
have one only tefraftion, it would, ceteris paribus, far excel any other that 
had a greater number. And hence it is, that if you take a very clear piece 
of a broken Venice Glafs, and in a Lamp draw it out into very fma. hairs or 
threads then holdingthe ends of thefe threads m the flame, till they melt 
and run into a fmall round Global, or drop, which will hang at the : end of 
the thread ; and if further you flick feveral of thefe upon the end of a flick 
With a little fealing Wax, fo as that the threads l rand upwards and then on 
a Whetflone firfl grind off a good part of them, and afterward on a fmooth 
Metal plate, with a little Tripoly, rub them till they come to be very 
finocth; if one of thefe be fixt with a little foft Wax againft a fmall needle 
hole,prick’d through a thin Plate of Brafs, Lead Pewter, or any other Me- 
tal and an Objeft, plac’d very near, be look’d at through it, itwillboth 
rnagnifie and make fome Objefts more diftinft then any of the great Mure- 
fcopes. But becaufe thefe, though exceeding eafily made » 
blcfometo be us’d,becaufe of their fmalnefs,and the nearnefs of the Objeft , 
therefore to prevent both thefe, and yet ha ve only two Ref raft 10ns, I pro- 
vided me a Tube of Brafs, fhap’d much like that in the fouith F igui e c 
firft Scheme 3 into the fmaller end of this! fixt with Wax a goo e\ piano con- 
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Objqft S5- 



bigger end I fixt 



the between thefe two Uiaiies 

by the fide 5 A7 1 ^ Screw ftoppd it in 3 then putting 

with very clear perce ive an Objeft more bright then I could 

0 Ce l for the Eye, 1 couia perceive * , n 



fide towards my eye 



'then' means of the fmall hole 
thefe two Glafles 



for other in- 



wiihAir>ut ch& 

cure o y fX fcft ickle, was fixt a fmall Pillar C C, on this was fitted a fmall 

C A m D, which could be mov’d up and downed hxt in any part : of i the 
iron nrui E on gnd p thls ^ rm W as a fmall Ball 

fiS S to m akind of focktt F.made in the'fideoftfi BrafiR&gG, through 
which the fmall end of the Tube wasferewd; by means of which contri- 
vance I could place and fix theTube in what pofture I defir d ( which for 
many Obfervations was exceeding neceffary ) and adjuflen it mofl exaftly 

t0 For pbcing the Obieft,I made this contrivance ; upon the end of a fmall 
brafs Link or Staple H H, I fofaflned around, Plate 1 1 , that it might be 
turn’d round upon its Center K , and going pretty ftiflf , woifid Hand 
fixt in any pofture it wasfet ; on the fide of this was fixt a fmall Pillar P, 
about three quarters of an inch high, and through the top of this was thruft: 
a fmall Iron pin M, whofetop juft flood over the Center of the Plate ; on 
this top I fixt a fmall Objeft, and by means of thefe contrivances I was able 
to turn it into all kind of pofitions, both to my Eye and the Light ; for by 
moving round the fmall Plate on its center, I could move it one way, and by 
turning the Pin M, I could move it another way, and this without flirring 
the Glafs at all , or at lead but very little : the Plate likewife I could move 
to and fro to any part of the Pedeiial ( which in many cafes was very con- 
venient) and fix italfo in any Pofition, by means of a Nut N, which was 
ferevv’d on upon the lower part of the Pillar CC. All the other Con- 
trivances are obvious enough from the draught,and will need no defeription 

Novo though this were the Injlrument I made r/loft ufe of, yet I have 
made feveral other Try als with other kinds of Microfcopes, which both 
for matter and form were very different from common Jpberical Glaffes. 
I have made a Microfcope with one piece of Glafi, both whofe futfaces 
were plains. I have made another only with a piano concave, without 
any kind of reflection, divers alfo by means of refle&ion. I have made 

others of Waters, Gums, Refins, Salts, Arfenick, Oyls, and with 
divers other mixtures of watery and oyly Liquors. Andindeedthe 
fubjett 'vs capable of a great variety ; but 1 find generally none more ufe- 
fulthen that which vs made with two Glaffes, fuch as I have already de- 

f cM What 







ry Octavo 





The Preface. 

What the things are I obfervd. ', the following defer iptions will manifefl ; 
in brief they were either exceeding fmali Bodies, or exceeding finall 
Pores, or exceeding fmali Motions, fome of each of which the Reader 
will find in the following Notes,and fuch, as I, prefume, ( many of them 
at leaf') will be new, and perhaps not lefi ftrange.* Some fpecimen of 
each of which Beads the Reader will find in the fubfequent delineations, 
and indeed of fome more then I was willing there fhould be ; which was 
occasioned by my firft Intentions to print a much greater number then I 
have fmee found time to compleat. Of fuch therefore as I had, I feled- 
edonly fome few of every Head, which for fome particulars feemdmoftob- 
fervable, rejecting the reft as fuperfluous to the prefent Befign. 

What each of the delineated Subjects are, the following deferiptions an - 
next to each will inform,of which I ft) all here, only once for all, add. That 
in divers of them the Gravers have pretty well follow d my directions and 
draughts ; and that in making of them, I indeavoured ( as far as Iwas 
able ) firft to difeover the true appearance , and next to make a plain re- 
prefentation of it. This I mention the rather , becaufe of thefe kind of 
Objefts there is much more difficulty to difeover the true ft) ape, then of 
thofe viftble to the naked eye, the fame Objed feeming quite differing, in 
one pofition to the Light, from what it really is, and may be difeover d 
in another. And therefore I never began to make any draught before by 

many examinations in feveral lights, and in feveral pofttions to thofe 
lights, I had difeover' d the true form. For it is exceeding difficult in 
fome Objects, to diftinguifh between a prominency and adepreffion, 
between a fhadow and a black ftain, or a reflect ion and a whitenefs 
in the colour. Befides, thetranffarency of moft Objeds renders them 
yet much more difficult then if they were opacous . The Eyes of a Fly in 

one kind of light appear almoft like a Lattice, drill’d through with abun- 
dance (ft finall holes ; which probably may be theReafon, why the Ingeni- 
ous Dr. Power feems to fuppofe them fuch. In the Sunft'ine they look 
like a Surface cover'd with golden Nails ; in another pofture, like a Sur- 
face cover'd with Pyramids ; in another with Cones ; and in other po- 
ftuxes of quite other ft) apes ; but that which exhibits the beft, is the Light 
collected on the ObjeB, by thofe means I have already defend d. 
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And this was undertaken in profecution of the Vefign which the ROY- 
AL SOCIETY has propos'd to it felf.For the Members of the Affembly ha- 
ving before their eys fo many fatal Inftances ft the errors and falft)oods,in which 
the great eft part of mankind has fo long wandred, becaufe they rely d upon the 
ftrength of humane Reafon alone, have begun anew to cor red all Hy- 
pothecs by fenfe, as Seamen do their dead Reckonings by Coeleftial 
Obfervations;m/ to thispurpofe it has been their principal indeavour to en- 
large is? (Lengthen theSe nfes by Medicine, and by fuch outward Inftru- 
ments as are proper for their particular works. By this means they find fome 
reafon to fuff ed, that thofe effeCts of Bodies, which have been commonly attri- 
buted to Qualities, and thofe con f ' fil’d to be occult, are perform'd by the 
^//Machines of Nature, which are not to be difeernd without thefe helps , 
feeming the meerproduds of Motion,Vigure,and Magnitude; and that the 
Natural Textures, which fome call tAPlaftick faculty, may be made in 
Looms, which a greater perfedion of Opticks may make difcernable by thefe 
Glajfesfto as now they are no more puzzled about them, then the vulgar are to 
conceive, howT-cipeftry or fiowred Stuffs are woven. And the ends of all thefe 
Inquiries they intend to be the Pleaffire of Contemplative minds, but above, 
allyhe cafe and difpatch of the labours of mens hands. They do indeed neg- 
led no opportunity to bring allthe rare things of Remote Countries within the 
compafi of their knowledge and pradice.But they fill acknowledg their moft 
ufeful Informations to arife from common things, and from diverfifying 
their moft ordinary operations upon them. They do not wholly rejed Experi- 
ments ft meer light ^theory ; but they principally aim at fuch, whoft 
Applications will improve and facilitate the prefent way o/Manual A rtT 
Andthough fome men, who are perhaps taken up about lejlhonourable Em 

\nTPk re l l 7i t0 Cm b re t l Ur proceeds, ymhy can flat more 
fruits of their firfl three yean, wherein they have affemhled, then any other 

ociety m Europe can for a much larger /face of time.'Tn true, ftch un- 
ctertaktngsa, them do commonly meet with fmallmcouragement , becaufe 
men are gem ally rather taken with the plaufible Wdifcurfive then he 

contribution^ “NT* '^^h^vebeen af,Jiedhy the 
contribution ^prefence^^^^Ncibility ^Gentry, 
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and others jvho are fome of the mod confiderable in their fever al Profejfions. 
But that that yet farther convinces me cf the Real efteem that the more fe- 
rious fart of men have of this Society, k, that fever al Merchants ,menwho 
aVt in earnefifwhofe Objeft is menm is tuumjhat great Rudder of humane 
affairsfhave adventur'd confiderable fums of Money ,to gut in pradicewhat 
fome of our Members have contrived and have continued ftedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feaf able. And it vs alfo fit to be added, that 
they have one advantage peculiar to themfelves,that very many of their num- 
ber are men of Converfe and Traffick ; which vs a good Omen , that their 
attempts will bring Philofophy from words to a&ion feeing the men ofBufi - 
nefi have had fo great a flare in their firfi foundation. 

And of this kind I ought not to conceal one particularGeneroItty, which more 
nearly concerns myfelf.lt vs the munificence of Sir JohnCutler ,in endowing 
a LeCture for the promotion o/Mechanick Arts,to be governed and directed 
byThisSodziy JhisBounty I mention for the Honourablenefs of the thing it 
fe If and for the expectation which I have of the efficacy of the Example ;fot 
it cannot now be objected to them,that their Defignswill be efleemed frivolous 
m/vain, when they have fuch a real Teftimony of the Approbation of 
a Man that vs fuch an eminent Ornament of this renowned City , and one , 
who fly the Variety, and Chappy Succefs, of his negotiations, has given 
evident proofs, that he is not ea fie to be deceiv'd. This Gentleman has well 
obferv'd, that the Arts of life have been too long imprifond in the dark 
flops of Mechanicks themfelves,is there hindred from growth, .either by ig- 
norance^ felf-interefhand he has bravely freed them from thefe inconveni- 
ences : Hehath not only obliged TrMmcn, but Trade it felfiHe has done a 
work that is worthy of London, and bos taught the chief City of Commerce 
in the world the right way how Commerce is to be improv d. We have already 
feen many other great figns of Liberality and a large mind, from the fame 
hand.’For by his diligence about ^Corporation lor the Poorly his hono- 
rable Subfcriptions for the rebuilding of 5^.Paul s:by his chearfulL) isburf- 
ment for the replanting of Ireland, by many other fuch publ ick woi ks, 
he has flewn by what means he indeavours to eftablifh his Memory ; and 
now by this laflgift he has done that, which became oneofthemfeft Citizens^ 
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(four Nation to accomplijb, feeing one <f the wileft ot our Statdmen,the 

Lord Vemfom, firfi propounded it. _ 

But to return to my Subject, from a digreffion , which, Ihope,my reader 
(fill per Jon me, feeing the Example U fo rare that I can make no more fuch 
digreifions. If thefe my firfi Labours jh all be any myes ufefulto rnqui- 
ring men, I mufi attribute the incouragement and promotion of them to a ve- 
ry Reverend and Learned Perfon, of whom this ought in jufiice to be faid. 
That there is fcarce any one Invention, which this Nation has pro- 
duc’d in our Age, but it has fome way or other been fet forward by 
his affiftance. My Reader, I believe, will quickly ghefi, that it is Dr. WiN 
kins that I mean. He is indeed a rnanborn for the good of mankind, and for 
the honour of his Couutry. In the iweetnefs of whofe behaviour, ztz the 
calmnefs of his mind,, in the unbounded goodnefs oj his heart, we have 
an evident Infiance, what the true and the primitive unpaffionate Religi- 
on was, before it was fowred by particular Fa&ions. In a word, his Zeal 
has been fo conftant and efte&ual in advancing all good and profitable 
Arts flat atone of theAntient Romans faid ofScipio, That he thanked 
God that he was a Roman ; becaufe whereever Scipio had been born*, 
there had been the feat of the 'Empire of the world : So may I thank. 
God, that Dr. Wilkins was an Englifhman, for whereever he had Lived, 
there had been the chief Seat of generous Knowledge and true Phiiofo- 
phy . To the truth of this,there are fo many worthy men living that will fub- 
feribe, that I am confident, what I have here faid, will not be lookdupon, 
by ary ingenious Reader, as a Panegyrick,- but only as a real teftt- 
mony. , ' 

By the Advice cf this Excellent man / firfi fet upon this Enterprife,yet 
fill cameto itwith much Rejuftancy fiecaufe I was to follow the footfiepsof 
fo eminent a Perfon as Dr. Wren, who was the firfi that attempted any 
thing of this nature ; whofe original draughts do now make one cf the Orna- 
ments of that great Collection of Rarities in the Kings Clofet. This Ho- 

nor, which his firfi beginnings of this kind have receiv'd, to be admitted in- 
to the mofi famous place of the world, did not fo much incourage, as the ha- 
zard efi comug after Dr. Wren did affright me ; for of him I mufi affirm , 
that, fmee the time /Archimedes, there fcarce ever met in one man, info 
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great a perfection, fuch a Mechanical Hand, and fo Philofophical a 
Mind. 

But at lafl, being ajfuredboth by Dr. Wilkins, and Dr. Wren himfelf 
that he had given over his intentions of profecuting it, and not finding that 
there was any elfe defigndthepurfuing of it,Ifet upon this undertaking, and 
was not a little incouragd to proceed in it,bythe Honour the Roy, \\ Society 
was pleas'd to favour me with,in approving of thofe dr aughts ( which from 
timetotime as I had an opportunity of defenbing) Iprefentedtothem. And 
particularly by the Incitements of divers of thofe dtoble and excellent Pei - 
fons of it, which were my more effecial Friends,who were not lefi urgent with 
me for thepublifbing, then for the profecution of them. 

After I had almofi compleated thefe Pictures and Obfervations ( ha- 
ving had divers of them ingraven , and was ready to fend them to the 
Pref ) / was inform d , that the Ingenious P by fitian Dr. Henry Power 
had made fever al Microfcopical Obfervations,which had I not afterwards, 
upon our inter changably viewing each others Papers, found that they . weie 
for the moflpart differing from mine, either in the SubjeCt it fe If , or in the 
particulars taken notice of; and that his defign was only to print Obfer- 
vations without Pictures,! had even then fupprefled what I had fo far pro- 
ceededin. But being further excited by feveral of my Friends , in comply- 
ancewith their opinions, that it would not be unacceptable to feveral inqui- 
fitive Men, and hoping alfo , that / Jhould thereby difeover fmethmg 
New to the World, I have at length caft in my Mite, into the vajl Treafu- 
ry Of A Philofophical Hiftory. Andhhmy hope, as well asbeM, that 
thefe my Labours will be no more comparable to the Produdions of many 
other Natural Philofophers, who are now every where bufie about greater 
things; then my little Objects are to be compar'd to the greater and more 
beautiful Works of Nature, A Flea, a Mite, a Gnat , to an Horfe,an tie - 

phant, or a Lyon* 
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gnat a perfection, fuel) ci Mechanical Hand, and fo 1 hilofophical a 

Mind. . 

But at lafifieing affuredboth by Dr. Wilkins,#*/ Dr. Wren himftlfi 

that he had given over hk intentions of profecuting it , and not finding that 
there w as any elfe defign'd the pur filing of itjfet upon this undertaking, and 
was not a little incouragd to proceed in it, by the Honour the Royal Society 
was pleas'd to favour me with fin approving of thofe draughts (which from 
time to time as I had an opportunity of deferring) I preferred to them. And 
particularly by the Incitements of divers of thofe Noble and excellent Per - 
fins of it, which were my more eftecial Friends, who were not left urgent with 
me for thepublifijing, then for the profecution of them. 

After I had almofi compleated theft P Mures and Obftrvations ( na- 
ming had divers of them ingraven , and was ready to fend them to the 
JPreft') I was inform'd , that the Ingenious Phyfitian Dr. Henry Power 
had made fever al Microfcopical Obfervations,wbicb had I not afterwards , 
upon our inter changably viewing each others Papers, found that they weie 
for the mofipart differing from mine , either in the Subject itfelf , or in the 
particulars taken notice cf; and that his defign was only to print Gbftr- 
vations without P Mures, l had even then fuppreffed what I had fo far pro- 
ceeded in. But being further excited by fever al of my Friends , in comply - 
ance with their opinions, that it wou ld not be unacceptable to fever alinqui- 
fitive Men, and hoping alfo , that I fbould thereby difeover fomething 
New to the World, I have at length cafi in my Mite, into the vafi Treafu- 
ry of A Philofophical Hiftory . And it is my hope, as well as belief, that 
theft my Labours will be no more comparable to the Product ions of . many 
other Natural Philofophers, who are now every where bufie about greater 
things', then my little ObjeCts are to be compar'd to the greater and more 
beautiful Works of Nature, A Flea , a Mite, a Gnat > to an Horfe,an Ele- 
phant, or a Lyon. 
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OR SOME 

Phyfiological Defcriptions 

MiNLITEBODIES* 

MADE BY 

MAGNIFYING GLASSES) 

WITH 

Observations and Inquiries thereupon. 




Obferv. I. Of the Point of a fharp fmall Needle * 

)S in Geometry , the moft natural way of beginning is Sthem.: 
k from a Mathematical point $ Ibis the fame method in Fig.i, 
Obfervations and Natural hifiory the moft genuine.fim- 
ple 5 and inftruftive. We muft firft endevour to make 
letters , and draw Jingle ftrokes true , before we ven- 
ture to write whole Sentences , or to draw large Pz- 
llures. And in Vhyfical Enquiries, we muft endevour 
, . . J° foUow Nature in the more plain and eke ways Ihe 

treads in the mol tjimple and nncompouncled bodies , to trace her fteps and 
be acquainted with her manner of walking there, before we venture our 
felves into the multitude oi meander sfoetesm bodies of a more complica- 
/^natures left being unable to diftinguifli and judge of our wav we 
both our Goid^nd owfehe, toojnd are left to wan- 

r C L ln la h rwt h of ground leli, opinions ; wanting both judgment that 

^and wfmtwe.th.t^.whichnranld direft our proceedings.’ 

We will begin thefe our Inquiries therefore with the Obfervations of 
Bodies of the mo tifmfk nature tii'lt 5 and fo gradually proceed to thofeofa 
more ecmpatmeUiornSn profecution of which methoiwc lhall berin with 

eye cannot diftinguifli any parts of if it- 5 n ^. ar P5 that the naked 
way through all kind of bodies fofterthen^t lblf-B y P' er( r cs ’ and makes its 
good Microjtppe, we may dud that^V^r^of^^eVle'fthough^s tijthe 

B fenfe 
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fenfe very /harp) appears a broad/blunt, and very irregular end f, notrefem- 
bling a Cone, as is imagin’d, but onely a piece of a tapering body, with a 
great part of the top remov’d, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moft curious Mathematital Inftruments 
do very feldome arrive at fo great a fharpnefsj how much therefore can 
be built upon demonftraticnsmade onely by the productions of the Ru- 
ler and Compafies, he will be better able to confider that fhall but view 
thofe points and lines with a Microfcope. 

Now though this point be commonly accounted the fharpeft (whence 
when we would exprels the fharpnels of a point the moft jitperlatively , we 
lay, As (harp as a Needle) yet the Microfcope can afford us hundreds of In- 
ftances of Points many thoufand times lharper : fuch as thole of the hairs , 
and brijlles , and claws of multitudes of Infills $ the thorns , or crooks , or 
hairs of leaves , and other lmall vegetables , nay, the ends of the jiiri<e or 
finall parallelipipcds of Amianthus , and alumen plumofum 5 of many of 
which, though the Points are lo (harp as not to be vifible, though view’d 
with a Microfcope (which magnifies the Objeft, in bulk, above a million of 
times) yet I doubt not, but were we able pra&ically to make Microfcopes 
according to the theory of them, we might find hills, and dales, and pores, 
and a liifficient bredth, or expanfion, to give all thofe parts elbow-room, 
even in the blunt top of the veryPoint ofany of thefe lo very lharp bodies. 
For certainly the quantity or extenfion of any body may be Divijible in in- 
finitum , though perhaps not the matter. 

But to proceed : The Image we have here exhibited in the 
firft Figure, was the top of a lmall and very lharp Needle, whole 
point a a neverthelels appear’d through the Microfcope above a 
quarter of an inch broad, not round nor flat , but irregular and un- 
even 5 lo that it feem’d to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d by each other without 
endangering the breaking one anothers necks, by being thruft off on ei- 
ther fide. The furface of which, though appearing to the naked eye very 
fmooth,could not neverthelels hide a multitude of holes and fcratchcs ana 
ruggednelfes from being dilcover’d by the Microfcope to inveft it, feveral 
of which inequalities (as A,B,C, leem’d holes made by lome lmall (pecks of 
Rufi ; and D fome adventitious body , that ftuck very dole to it) were ca- 
fual. All the reft that roughen the furface, were onely lo many marks of 
the rudenelsand bungling of Art. So unaccurate is it, in all its producti- 
ons, even in thole which leem moft neat, that if examin’d with an organ 
more acute then that by which they were made, the more we fee of their 
Jhape , the lels appearance will there be of their beauty : whereas in the 
works of Nature , the deepeftDifccveries (hew us the greateft Excellen- 
cies. An evident Argument, that he that was the Author of all thefe 
things, was no other then Omnipotent being able to include as great a va- 
riety of parts and contrivances in the yet Imalleft Dilcernable Point, as in 
thofe vafter bodies (which comparatively are called alio Points) fuch as 
the Earth , Sun, or Planets. Nor need it feem ftrange that the Earth it felf 
may be by an Analogic call’d a l Phyfical Point:For as its body, though now 
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lb near us as to fill our eys and fancies with a fenle of the vaftnels of it, 
may by a little Diftance, and fome convenient Dimini/hing Glafles, be 
made vanilh into a fearce vifible Speck , or Point ( as I have often 
try’d on the Moon , and (when not too bright) on the Sun it felf.). So, 
could a Mechanical contrivance fuccesfully anfwerour Theory , we might 
fee the leaft fpotas big as the Earth it felf j and Difcover, as Des Cartes 
alfo conjeffures, as great a variety of bodies in the Moon, or Planets , as in 
the Earth. 

But leaving thefe Difcoverics to future Induftries, we (hall proceed to 
add one Obfervation more of a point commonly fo call’d, that is, the mark 
of a full flop , or period. And for this purpofe I obferved many both printed 
ones and written 3 and among multitudes I found few of them more round 
or regular then this which I have delineated in the third figure of the fe- 
cond Scheme, but very many abundantly more disfigur'd , and for the 
moft part if they feem’d equally round to the eye, I found thofe points 
that had been made by a Copper-plate , and Roll-prels, to be as mislhapen 
as thofe which had been made with Types , the moft curious andffflothly 
engraven firokes and points, looking but as lo many furrows and holes, and 
their printed imprejfions, but like fmutty daubings on a matt or uneven 
floor with a blunt extinguilht brand orftick's end. And as for points 
made with a pen they were much more rugged and deformed. Nay,having 
view’d certain pieces of exceeding curious writing of the kind (oneot" 
which in the bredth of a two-pence compris'd the Lords prayer, the Apojlles 
Creed, the ten Commandments, and about half a dozen verfis beftdes of the 
Bible, whole lines were fo final/ and near together , that I was' unable to 
number them with my naked eye, a very ordinary Microfcope , I had then a- 
bout me, inabled me to fee that what the Writer of it had afferted was 
true, but withall difeover’d of what pitifull bungling firibbles and fir awls 
it was compos d y Arabian and China characters being almoft as well fliap’d * 
yet thus much I muft lay for the Man, that it was for the moft part legible 
enough, though in feme places there wanted a good fantfy well proofed 
to hedp one through If this manner ot final! writing were made eafie and 

practicable (and I think I know fuch a one, but have never yet made 
tryal of it, whereby one might be inabled to write a great deale with much 
eafe , and accurately enough in a very little room ') it might be of verv 

the imprdfion to al I whkh the ?0 , n ,he ln ‘ hu 1 ment that 
ht„ and JhadLu and you mafllve 7 by the Difi ™ 

may appear much more uelj then this whirtfr 1 ^ ^ f ° ^ lat a 

though it appear'd throf h ,h which 
Lmdcn dirt, about three inches over -vet m it j ® re ” l P la,c h of 

»"d»o blggerthra thatin the midft ’oihhe CircIc^lhdVouTd thavo 
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found Room in this Plate to have inferted an O you fhould have feenthat 
the letters were not more diftind then the points of Diftindion, nor a 
drawn circle more exadly fo, then we have now Oiown a point to be a point. 



Schem.2, 
Fig. 2. 



Obferv. 1 1. Of the Edge of a Razor. 

T He fharpeft Edge hath the fame kind of affinity to the fharpeft Point 
in Phyficks, as a line hath to a point in Mathematicks j and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mer. A Razor doth appear to be a Body of a very neat and curious a- 
fped, till more clofely viewed by the Microfcope , and there we may ob- 
ferve its very Edge to be of all kind of fhapes, except what it fhould be. 
For examining that of a very (harp one, I could not find that any part of 
it had any thing of fharpnefs in it j but it appear’d a rough furface of a 
very confiderable bredth from fide to fide, the narrowed part not feem- 
ing thinner then the back of a pretty thick Knife. Nor is’t likely that it 
fhould appear any otherwife, fince as we juft now fhew’d that a point ap- 
pear’d a circle, ’tis rational a line fhould be a parallelogram. 

Now for the drawing this fecond Figure(which reprefentsa part of the 
Edge about half a quarter of an inch long of a Razor well fet) I fo plac’d it 
between the Objett-glafs 8c the light. that there appear’d a reflexion from 
the very Edge,reprefented by the white line abcdef. In which you may 
perceive it to be lomewhat fharper then elfewhere about d, to be indent- 
ed or pitted about b, to be broader and thicker about c, and unequal 
and rugged about e, and pretty even between a b and ef Nor was that 
part of the Edge g hi k fo fmooth as one would imagine fo fmooth bo- 
dies as a Hone and Oyl fhould leave it j for befides thofe multitudes of 
fcratches, which appear to have raz’d the furface g hi 4, and to croft 
each other every way which are not half of them expreft in the Figure, 
there were feveral great and deep fcratches, or furrows, fuch as g b and 
i 4, which made the furface yet more rugged, caus’d perhaps by fome 
fmall Duft cafually falling on the Hone, dr fome harder or more flinty 
part of the Hone it felf. The other part of the Razor l /, which is polifh'd 
on a grinding-ftone, appear’d much rougher then the other, looking al- 
moft like a plow’d field, with many parallels, ridges, and furrows, and a 
cloddy, as ’twere, or an uneven furface : nor fhall we wonder at the 
roughnefles of thofe furfaces, fince even in the moft curious wrought 
Glafles for Microfcopes , and other Optical ufes, I have, when the Sun has 
{hone well on them, difcover'd their furface to be varioufly raz’d or 
foratched, and to confift of an infinite of fmall broken furfaces, which re- 
flect the light of very various and differing colours. And indeed it fee ms 
impoffible by Art to cut the furface of any hard and brittle body Imcoth, 
fince Puttc , or even the moft curious Powder that can be made ufe of to 
polifhfuch a body, muft confift of little hard rough particles, and each or 

them muft cut its way, and confequently leave fome kind of gutter or 

furrows 
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furrow behind it. And though Nature doesfeem to do it very readily in 
all kinds of fluid bodies , yet perhaps future obfervators may difcover 
even thefealfo rugged jit being very probable, as I elfewhere fhew, that 
fluid bodies are made up of fmall folid particles varioufly and ftrongly 
mov’d, and may find reafon to think there is fcarce a furface in reruns na - 
tura perfectly fmooth. The black fpot mn, I ghefs to be fome fmall 
fpeck of ruft, for that I have oft obferv’d to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really fuch as it appear’d through the Microfcope , would fierce- 
ly have ferv’d to cleave wood, much left to have cut off the hair of beards* 
unlcfs it were after the manner that Lucian merrily relates Charon to have 
made ufe of, when with a Carpenters Axe he chop’d off the beard ofa fage 
Philofopher, whole gravity he very eautioufly fear’d would indanger the 
overfetting of his Wherry. 



Obferv. III. Of fine Lawn , or Lirmen Cloth . 

npHis is another produft of Art, A piece of the fineft Lawn I was able 
X to get, fo curious that the threads were fcarce difcernable by the na- 
ked eye, and yet through an ordinary Microfcope you may perceive what 
a goodly piece of coar/e Matting it is j what proportionable cords each of 
its threads are, being not unlike, both in ffiape and fize, the bigger and 
coarfer kind of ftngle Rope-yarn, wherewith they ufually make Cables. That 
which makes the Lawn fotranfparentj is by the Microfcope, nay bv the 
naked eye if attentively viewed, plainly enough evidenced to be the 
multitude ofTquare holes which are lelt between the threads, appeatine 
to have much more hole in refpea of the intercurtent parts then isfor thf 

nothingof their gloiiie, 

informed both by the Inventor himfelf nnrl c i 
that though the L.out Xhfch Sade hfT" “ her 5ye-witneires, 
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thofe of the Sili arc fmallyound, hard \, tranjparent, and to their bignefi 
proportionably Jiff, fb as each filament preserves its proper Figure and 
confequently its vivid reflexion intire, though twitted into a thread if 
not too hard ; thofe of Flax are flat, limber, fofter^nd lefi tranflarent, and 
in twitting into a thread they joyn,and liefo clofe together,as to lofe their 
own, and deftroy each others particular reflections. There feems there- 
fore three Particulars very requifite to make the fo dreft Flax appear Silk 
alfo when fpun into threads. Firft, that the fubftance ofitfhouldbe 
made more clear and tranjparent , Flax retaining in it a kind of opacatina 
brown, or yellow 5 and the parts of the whiteft kind I have yet obferv’d 
with the Microfcope appearing white, like flaw'd Horn or Glafs, rather 
then clear, like clear Horn or Glafs. Next that, the filaments fhould each 
of them be rounded , if that could be done,which yetis not fb very necef- 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be flifned for though they be fquare, or flat, provided 
they be tranfiarent and ftiff, much the fame appearances mutt necefiarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thefe proprieties may be alfo induc’d upon the Flax,and perhaps too 
by one and the fame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubftance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the better con- 
coCtion, or the more homogeneous conftitution of animal fubttance9 
above thofe of vegetables , I do not here determine 5 yet fince I ge- 
nerally find, that vegetable fubftances do not equalize the tenacity of ani- 
mal , nor thefe the tenacity of fome purified mineral fubftances 5 I sm 
very apt to think, that the tenacity of bodies does not proceed from the 
hamons,oi' hooked particles, as the Epicureans , and fome modern rhilofo - 
phers have imagin’d } but from the more exaft congruity of the confti- 
tuent parts, which are contiguous to each other, and fb bulky, as not to 
be eafily feparated, or fhatter’d, by any fmall pulls or concufiidn of 
heat.: 



Obferv. I V. Of fine mled Silky or Tafiety. 

T His is the appearance of a piece of very fine Taffety-riband in the 
bigger magnifying Glafs, which you fee exhibits it like a very con- 
venient fubftance to make Bed-matts,or Door-matts of, or to ferve for Bee- 
hives, Corn-fcuttles, Chairs, or Corn-tubs, it being not unlike that kind of 
work, wherewith in many parts in England , they make fuch Utenfils of 
Straw,a little wreathed, and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
feera’d about the bignefs of an ordinary Straw, as appears by the little ir- 
regular 
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thole of the Silk,, are fmallyround, hard, transparent, and to their bignefs 
proportionally fiiff, lb as each filament preferves its proper Figure , and 
confequently its vivid reflection intire, though twitted into a thread, if 
not too hard 3 thofe of Flax are flat , limber,fofter, and lefl tranflarent , and 
in twilling into a thread they joyn,and lie fo clofe together, as to lole their 
own, and deftroy each others particular refle&ions. There leems there- 
fore three Particulars very requisite to make the lb dreft Flax appear Silk 
alio when fpun into threads. Firft, that the fubftance of it Ihould be 
made more clear and tranfparent , Flax retaining in it a kind of opacating 
brown, or yellow 3 and the parts of the whitellkind I have yetobferv’d 
with the Microfcope appearing white, like flaw’d Horn or Glafs, rather 
then clear, like clear Horn or Glals. Next that, the filaments Ihould each 
of them be rounded , if that could be done, which yet is not fo very necefi 
fary, if the firft be perform’d, and this third, which is, that each of the 
fmall filaments be flifned 3 for though they be fquare, or flat, provided 
they be tranjparent and ftiff, much the fame appearances muft neceflarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thele proprieties may be alfo induc’d upon the Flax,and perhaps too 
by one and the lame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find fufficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the lubftance of Flax, out of which the thread is made, it 
leems much inferiour to that of Silk, the one being a vegetable , the 
other an animal fubftance. And whether it proceed from the better con- 
coction, or the more homogeneous conftitution of animal fubftances 
above thole of vegetables , I do not here determine 3 yet fince I ge- 
nerally find, that vegetable fubftances do not equalize the tenacity of anH 
mal , nor thefe the tenacity of lome purified mineral Jubilances 3 Tam 
very apt to think, that the tenacity of bodies does not proceed from the 
hdmonsyOt: hooked particles, as the Epicureans , and lome modern Fhilofo - 
phers have imagin’d 3 but from the more exaft congruity of the consti- 
tuent parts, which are contiguous to each other, and lb bulky, as not to 
be eafily leparated, or lhatter’d, by any Imall pulls or concuflidn of 
heat; 
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T His is the appearance of a piece of very fine Taffety-riband in the 
bigger magnifying Glals, which you fee exhibits it like a very con- 
venient lubftance to make Bed-matts,or Door-matts of,or to ferve for Bee- 
hives, Corn-lcuttles, Chairs, or Corn-tubs, it being not unlike that kind of 
work, wherewith in many parts in England , they make fuch Utenftls of 
Straw, a little wreathed,and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the Silk-worm, 
feem’d about the bignefs of an ordinary Straw, as appears by the little ir- 
regular 
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regular pieces,* bfi 4 ,and ef $ The Warp fit the thread that ran eroding the 
Riband, appear’d like a fingle Rope of an Inch Diameter 5 but the Woof, 
or the thread that ran the length of the Riband, appear’d not half fo 
big. Each Inch of fix-peny-b'road Riband Appearing no Ids then a piece 
of Matting Inch and half thick, and twelve foot fquare j a few yards of 
this, would be enough to Boor the long Gallery of the Loure at Paris, 
But to return to our piece of Riband : It affords us a not unpleafant ob- 
jed, appearing like a bundle, or wreath, of very clear and tranfparent 
Cylinders’ll the Silk be white, and curioufly ting’d * if it be colour’d, each 
of thofe fmall homey Cylinders affording in lome place or other of them, 
as vivid a refleftion, as if it had been lent from a Cylinder of Glals or Horm 
In-lo-much, that the refledions of Red, appear’d as if coming froinfo 
many Granates, or Rubies. The lovelinels of the colours of Silks above 
thole of hairy Stuffs,or Linnen,confifting.as I elfe-where intimate,chiefly in 
the tranfparency, and vivid refledions from the Concavc.pt inner furface 
ofth e transparent Cylinder , as are alfp the colours of Precious StOpes 5 
for moft of the refledions from each of thele Cylinders , come front the 
Concave furface of the air, which is as ’twerethe foil that incompaffes the 
Cylinder. The colours with which each of thefe Cylinders are ting’d, feem 
partly to befuperheial, and Ricking to the out-lides of them 5 and partly, 
to be imbib’d, or funck into the fubffanceof them : for Silk, feerning to 
be little elfe then a dried thread of Glew, may be luppos’d to be very 
eaiily relaxt,and foftened, by being fteeped in warm, nay in cold, if pene- 
trant, juyees or liquors. And thereby thofe tindures, though they tinge 
perhaps but a fmall part of the fubffance, yet being fo highly impregnated 
with the colour, as to be almoft black with it, may leave an impreffion 
ftrong enough to exhtbtte the defil'd colour. A pretty kinde rfanifi- 
ctal Stuff 1 have feen, looking almoft like tranfparent Parchment. Horn 



i IOUU.U upon trial, bad imbib'd, and did remain ting’d 
with a great variety of very vivid colours, and to the naked eye it ff'd 
very hke thefubftanceoftheSilk. Andlhave often thought 

bably there ought be a way found out, to make an artificia gSous 
compofitton, much refcmblmg, if not full as good, nay better fhen that 

^re" gf ri'nee'd 0 “ 

anoccafion of making Le triak which if fJcSTt 

I luppofchewillhavenooccalion'tobedilpleas’d. U ’ Klvc alm > an< i 
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Obferv. V. Of watered Silks , or Stuffs . 

ftiem. j. ^TpHere are but few Artificial things that are worth observing with a 

fig- *• Microficope ’■) and therefore I (hall (peak but briefly concerning them. 

For the Productions of art are fuch rude mif-fhapen things, that when 
view’d with a Microficope, there is little elfe obfervable,but their deformity. 
The moft curious Carvings appearing no better then thofe rude Ruffian 
Images we find mention’d in Purchas , where three notches at the end of a 
Stick, (food for a face. And the moft fmooth and burnifti’d furfaces appear 
moft rough and unpolifht : So that my firft Reaibn why I (hall add but a 
few obfervations of them, is, their mif-ihapen form \ , and the next, is their 
ufclefsnefs. For why (hould we trouble our felves in the examination of 
that form or (hape (which is all we are able to reach with a Microficope) 
which we know was defign’d for no higher a ufe, then what we were able 
to view with our naked eye > Why (hould we endeavour to difeover 
myfteries in that which has no fuch thing in it > And like Rabbins find out 
Caballifms , and enigmas in the Figure, and placing of Letters, where no 
(uch thing lies hid : whereas in natural forms there are fomefofmall, and 
lb curious, and their defign’d bufinefs (b far remov’d beyond the reach of 
our fight, that the more we magnify the objeX, the more excellencies and 
myfteries do appear} And the more we difeover the imperfections of our 
fenfes, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I (hall therefore onely add one or two Obfervations more of artifi- 
cial things, and then come to the Treaty concerning fuch matters as are 
the Productions of a more curious Workman. One of thefe,(hall be that 
of a piece of water’d Silk, reprefented in the fecond Figure of the third 
Schemes as it appear’d through the leaft magnifying Glafs. A B. fignifying 
the long way of the Stuff, and C D the broad way. This Stuff, if the right 
fide of it be looked upon, appears to the naked eye, all over fo waved, 
undulated, or grain’d, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no fmall gracefulnefs to theGlofs ofit. 
It is fo known a propriety, that it needs but little explication, but it is ob- 
fervable, which perhaps everyone has not confidered, that thole parts 
which appear the darker part ofthe wave, in one pofition to the light, in 
another appears the lighter,and the contrary^and by this means the undu* 
lations become tranfient, and in a continual change,accoi ding as the po- 
fition of the parts in refpeX of the incident beams of light is varied. The 
reafon of which odd phenomena, to one that has but diligently examind 
it even with his naked eye, will be obvious enough. But he that obferves 
it with a Mcrofiope, may more eafily perceive what this Proteus is. and 
how it comes to change its (hape. He may very eafily perceive, that it 
proceeds onely from the variety of the RefieCl ions of light, w hich is caus d 
by the various Jhape of the Particles, or little protuberant parts of the 
thread that compofe the furfacc } and that thofe parts ot the waves that 
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appear the brighter. throw towards the eye a multitude of fmall reflexi- 
ons of light, whereas the darker fearce a fiord any. The reafon of which 
reflection, the Microficope plainly difeovers, as appears by the Figure. In 
which you may perceive, that the brighter parts of the furface confift of 
an abundance oflarge and ftreng reflections, denoted by a,a 7 a,.a, a, See. 
for the furfaces of thofe threads that run the long way, are by the Mecha- 
nical procels of watering, creasd or angled in another kind of pofture 
then they were by the weaving : for by the weaving they are onely bent 
round the warping threads } but by the watering, they are bent with att 
angle, or elbow , that is in (lead of lying, or being bent round the threads, 
as in the third Figure, a, a, a, a, a, are about b,b,b (b,b,b reprefenting the 
ends, as ’twere, of the crols threads, they are bent about) they are creas’d 
on the top of thofe threads, with an angle, as in the fourth Figure^ and 
that with all imaginable variety j fo that, whereas before they refleXed 
the light onely from one point of the round furface, as about c, c, c, they 
now when water’d, refleX the beams from more then half the whole fur- 
face,as de, de, de, and in other poftures they return no refieXions at all 
from thofe furfaces. Hence in one pofture they compofe the brighter 
parts of the waves, in another the darker. And thefe refleXions are alfo 
varied, according as the particular parts are varioudy bent. The reafon 
of which creafing we (ball next examine } and here we muft fetch our in- 
formation from the Mechanifm or manner of proceeding in this operation 5 
which, as I have been inform’d, is no other then this. 

They double all the Stuff that is to be water’d, that is,they creafe it juft 
through the middle of it, the whole length of the piece, leaving the right 
fide of the Stuff inward, and placing the two edges, or filvages juft upon 
one another, and, as near as they can, place the wale fo in the doubling ofit 
that the wale of the one fide may lie very, near parallel, or even with the 
wale of the other 5 for the nearer that pofture they lie, the greater will 
the watering appeal j and the more oblicjuely,or a crols to each other they 
lie the (mailer are the waves. Their way for folding it for a great wale 
is thus . they take a Finland begin at one fide of the piece in any wale and 
io moving it toward! the other fide, thereby direft their hands to the op- 
pofite ends ofthe wale, and then, as near as they can, place the two op- 
pofite ends ofthe fame wale together, and fo double, or fold the whole 
piece, repeating this enquiry with a Pin at every yard or two’s diftance 
through the whole length ; then they fprinkle it with water, and fold it the 
longways, placing between every fold a piece ofPaftboard, by which 
means allthewrong fide of the water’d Stuff becomesflat,and with litde 
wales, and the wales on the other fide become the more protuberant 
whence the creafing^ or angular bendings of the wales become th- more 
perfpicnous Having folded it in this manner,they place it whh an inrer 

^ manifeft 
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manifeft to difcern the imprefiions upon thefe wales, left by thofe that 
were preft upon them,which lying not exaCtly parallel with them, but a lit- 
tle athwart them , as is denoted by the lines of> o o o,gh. gh.gh, between 
which the other wales did lie parallebthey are fo varioully,and irregular- 
ly creas’d that being put into that fliape when wet, and kept fo till they be 
drie, they fo fet each others threads, that the Moldings remain almoft as 
long as the Stuff lafts. 

Hence it may appear to any one that attentively confiders the Figure, 
why the parts of the wale 4, 4 , 4 , 4 , 4 , 4 , fhould appear bright 5 and why 
the parts MAMA foould appear (hadowed, or dark* why feme, as 
dAdJM fhould appear partly light,and partly dark : the varieties of 
which reflections and fhadows are the only caufeofthe appearance of wa- 
tering in Silks, or any other kind of Stuffs. r . 

From the variety of refleaion, may alfo be deduc d the caufe why a 
{mail breez or gale of wind ruffling the furface of a fmooth water, makes 
it appear black 3 as alfo,on the other fide, why the fmoothing or burniih- 
Jflnr fa r face of* whitened Silver nicik.es it look t)l 3 .ck ^ 3.nd multitudes oi 

other phenomena might hereby be folvd, which are too many to be here 
infilled on. 



Obferv. VI. Of [mail Gtafs Cam. 

T Hat I might be fatisfi’d, whether it were not poflible to make an 
Artificial V ore as fmall as any Natural l had yet found, I made fe- 
veral attemps with fmall glafi pipes, melted nuhe flame of a Lamp, and 
then very fiddenly drawn out into a great length. And, by that means , 
without much difficulty, I was able to draw iome almoft as fmall as a 
rnhvoph which vet with the Micrefiope, I could plainly peiceive to be 
Zf«Md , h both by looking on the of it, and by looking on it ag.i.jl 

fei which was much the eafm »«, to detetm.ne whether it were 
Mid or perforated; for, taking a fmall plpeofelafs, and; clofingone 
end ofitf then filling it half full o£water , and holding it agatnfi the light, 
5 n „i j L v th ; s mea n S Ve ry eafily find what was the differing afpett of a 
iS “d I SS P ie7e of glals ; end foeaffly diliinguilh, without 
'feeing either end, whether any Cjlmdtr of gla6 1 look d on. werea/aW 
« or a hoUm cam. And by this means, I couU alfo prefently judge of 
any fmall fihmm of glafs, whether it were Urn . or ^ »^ h wou 
Lnve been exceeding tedious to examine by looking on the aid. An 
havebeen g tomake ufe of, in the examining of di- 

ve« o “p ntS related in this Book, which would have been no 
lafie task to have determined mcerly by the ino« common way cflook- 
Won or viewing the ObjeCl. For, if we coniider fi iff, the very famt 
lifht wherewhh the objeCt is enlightened, whence many particles ap- 
pear opacous, which when more enlightned appear very 
that I was fain to determined tranfparency Ly leafon 

by another Next, the unmtnageahlenefs of moft Objects, by ^ 
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of their fmalnefs, ^ Th<Sx.difficulty of- fading the defited point, and of 
placing it lb, as to ref eft the light conveniently for the Inquiry, Laftly, 
ones being able to view it but with one eye at once, they will appear no 
fmall obftrutiions , nor are they cafily remov’d without many contrivan - 
ccs. But to proceed, I could not find that water, or Ibme deeply ting'd 
liquors would in fmall ones rile lb high as one would expect 3 and the 
highejl I have found it yet rife in any of the pipes I have try’d, was to 
21 inches above the level of the water in the vellel : for though I found 
that in the Iniall pipes it would nimbly enter at firft, and run about 6 or 
7 inches upwards 5 yet I found it then to move upwards^ fow , that I 
have not yet had the patience to obferve it above that height of 21 in- 
ches (and that was in a pretty large ripe, in companion of thole I for- 
merly mentioned 5 for I could oblerve the progrefs of a very deep ting’d 
liquor in it with my naked eye, without much trouble, whereas many of 
the other pipes were lb very fmall, that unlels in a convenient pojlure to the 
light, I could not perceive them :) But 'tis very probable, that a greater 
patience and ajjiduity maydifeover the liquors to rife, at leaf: to remain 
ffpended, at heights that I Ihould be loath now even toghefs at, if at 
lead: there be any proportion kept between the height of the alcending 
liquor, and the bignefs of the holes of the pipes. 

An Attempt for the Explication cf this Experiment. 

My Conjefture, That the unequal height of the furfaces of the water 
proceeded from the greater prefure made upon the water by the Ail 
without the Pipes ABC, then by that within them ; I fhalL endeavour to *' 
confirm from the truth of the two following Propofitions : 

The firft of which is, That an unequal pref hr e of the incumbent Air 
mil cauje an unequal height in the waters Surfaces. • * 

prefure ^ ^ COn< ^ ' Sj J ^ at m this experiment there is fuch an unequal 

That the firft is true, the following Experiment will evince. For if 
you take any Vefte fo contrived, as that you can at pleafure either in- 
crcafe or dimmijh the prefure of the Air upon this or that part of the Su- 

*f e [> the of the height of thofe parts will Pre- 
/. n ^ T d that P art °f tte Superficies that Mamsthe greater Prer 

then there is of Water to the fame ^ ^ ^ ° > an ^fi me ot ^ r Bodies, 
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plaC T £*bk £ vkw it but with eye at once, they will appear no 
fonll obllnkions, nor are they eafily remov’d without many contrivan- 
But to proceed, I could not find that water, or feme deeply trngd 
liquors would in fmall ones rife fo high as one would expeft 5 and the 
SS I have found it yet rife in any of the pipes I have try d was to 
2 1 inches above the level of the water in the veflcl : for though I found 
that in the fmall pipes it would nimbly enter at firft, and run about 6 or 
7 inches upwards , yet I found it then to move upwards^ Jlow, that 1 
have riot yet had the patience to obferve it above that height of 21 in- 
ches (and that was in a pretty large ripe, in companion of thole I for- 
merly mentioned 3 for I could oblerve the proerefs of a very deep ting d 
liquor in it with my naked eye , without much trouble 3 whereas many of 
the other pipes were fo very fmall, that unlefs in a convenient pojlure to the 
light, I could not perceived/ :) But tis very probable, that a greater 
patience and ajfiduity may difeover the liquors to rife, at leaftto remain 
fufpended, at heights that I fhould be loath now even toghefs at, if at 
leaft there be any proportion kept between the height of the afeending 
liquor, and the bignefs of the holes of the pipes. 

An Attempt for the Explication of this Experiment. 

My Conjecture, That the unequal height of the forfaces of the water, ^ 
proceeded from the greater prefure made upon the water by the Air rig '™'. 4 
without the Pipes A B C > then by that within them 3 I (hall, endeavour to 
confirm from the truth of the two following Propofitions : 

The fil'd of which is, That an unequal prefure of the incumbent Air, 
will caufe an unequal height in the water s Surfaces. ■ 

And the fecond is, That in this experiment there is foch an unequal 
prefure. 

That the firft is true, the following Experiment will evince. For if 
you take any Vefiel fo contrived, as that you can at pleafure either in- 
creafe or dim} nip the prefure of the Air upon this or that part of the Su- 
perficies of the water , the equality of the height of thofe parts will pre- 
fently be lofts, and that part of the Superficies that fuftains the greater pref 
fore, will be inferior to that which undergoes the lefs. A fit Veffel for 
this purpofe, will bean inverted G\afs Syphon, fuch an one as is delcri- 
bed in the Sixth Figure. For if into it you put Water enough to fill it as 
h W™AB, and gently blow in atZ>, you fhall deprefs the Superficies B, 
and thereby raife the oppofite Superficies^ to a conftderable heieht and 
b )' gently picking you may produce clean contrary effects. 

That th f e IS fuch an unequal prefure, f fhall prove from this, 

7 hat there is a much greater incongruity of Air to Glafs , and fame other Bodies 

then there is oj Water to the fame. J 3 
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By Congruity, I mean a property of a fluid Body , whereby any part of it 
is readily united with any other part , either of it felf or of any other Simi- 
lar y fluid^ or folid body : And by Incongruity a property of a fluid ', by which 
H is kindred from uniting with any di)ftmilar,fluid,or folid Body. 

This laft property., any one that hath been obfervingly converfant 
about fluid Bodies, cannot be ignorant of. For (not now to mention 
feveral Chymical Spirits and Oyls, which will very hardly , if at all, be 
brought to mix with one another y inlbmuch that there may be found 
Ibme 8 or 9, or more, feveral diftinCt Liquors, which fwimming one up- 
on another, will not prefently mix') we need leek no further for Exam- 
ples of this kind in fluids, then to obferve the drops of rain falling through 
the 4//*, and the bubbles of air which are by any means conveyed under 
the forface of the water 5 or a drop of common Sallet Oyl fwimming upon 
water. In all which, and many more examples of this kind that might 
be enumerated, the incongruity of two fluids is eafily dilcernable. And 
as for the Congruity or Incongruity of Liquids, with feveral kinds affirm 
Bodies, they have long fince been taken notice of, and called by the 
Names of Drinefs and Moiflure (though thefe two names are not compre- 
henfive enough, being commonly ufed to fignifie only the adhering or 
not adhering of water to fome other folid Bodies) of this kind we may ob- 
ferve that water will more readily wet fame woods then others y and that 
water, let fall upon a Feather , the whiter fide of a Colwort, and fome 
other leaves, or upon almoft any dufly, untiuous, or refinous fuperficies, 
will not at all adhere to them, but eafily tumble off from' them, like a folid 5 
Bowl $ whereas, if dropt upon Linnen, P aper,C lay , green tVood, See. it will 
not be taken off, without leaving fome part of it behind adhering to them. 
So Jguichflilver-, which will Very hardly be brought to flicks to any vegeta- 
ble body , will readily adhere to, and mingle with, feveral clean metalline 
bodies. 

And that we may the better finde what the caufe of Congruity atid 
Incongruity in bodies is, it will be requifite to confider. Fir ft, what is the 
caufe of fluidnefs-y And this, I conceive, to be nothing elfe but a certain 
pulfe or fhake of heat y for Heat being nothing elfe but a very hr island ve- 
hement agitation of the parts of a body (as I have elfwhere made proba- 
bable) the parts of a body are thereby made fo loofe from one another, 
that they eafily move any way , and become fluid. That I may explain 
this a little by a grols Similitude, let us fuppofeadifhof fendfet upon 
fome body that is very much agitated, and fhaken With fome quid ( and 
Jlrong Vibrating motion .as on a Milflone turn’d round upon the under ftonc 
very violently whilft it is emptyyor on a very ftiffr>r 7 /vz-head,which is ve- 
hemently or very nimbly beaten with the Drumfticks. By this means, 
the fand in the difh, which before lay like a dull and una&ive body, be- 
comes a perfect fluid 3 and ye can no fooner make a hole in it with your 
finger, but it is immediately filled up again , and the upper forface of it 
levelled. Nor can you bury a light body , as a piece of Cork under it, but 
it prefently emerges or fwims as twere on the top y nor can you lay a 
heavier on the top of it,as a piece of Lead, but it is immediately buried 
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Sand, and (as ’twere) /inks to the bottom. Nor can you make a hole, 
ili the fide of the Difh, but the fend (hall run out of it to a level, not an 
obvious property of a fluid body, as fuch, but this das imitate y and all 
this meerly caufcd by the vehement agitation of the con t tilling veftef y 
for by this means, each fend becomes to have a vibrative or dancing mo- 
tion, fo aS no other heavier body can rejl on it, unlels fufleind by fome 
other on either fide : Nor will it fuller any Body to be beneath it, unlels! 
it be a heavier then it felf Another Inftance of the ftrange loofening 
of a violent jarring Motion, or aftrongand nimble vibrative 
: may have from a piece of iron grated on very ftrongly with a 
IC . 1UI if into that a pin be ferew'd fo firm and hard, that though it has 
convenient head to it, yet it can by no means be unferewd by the fin- 
gers y if^I fey, you attempt to unfcrew this whilft grated on by the file. It 
will be found to undoe and turn very eafily. The firft of thefe Examples 
nianifefts, how a body actually divided into final 1 parts, becomes a fluids 
And the latter nianifefts by what means the agitation of heat fo eafily 
loofens and unties the parts of folid and firm bodies. Nor need we fop- 
pole heat to be any thing elfe, befidcsfuch amotion y for foppofing we 
could Mechanically produce fuch a one quicksand flrong enough, we need 
not fpen dfuel to melt a body. Now, that I do not (peak this altogether 
groundlefs, I muft refer the Reader to the Obfervations I have made up-* 
on the fhining fparks of Steel, for there he fhall find that the fame effefts 
are produced upon fmall chips or parcels of Steel by the flame, and by a 
quick and violent motion y and if the body of fleel may be thus melted 
(as I there fhewitmay) I think we have little reafon to doubt that al- 
moft any other may not alfo. Every Smith can inform one how quickly 
both his File and the Iron grows hot with filing , and if you rub almoft 
any two hard bodies together, they will do the feme : And we know, 
that a fufficient degree of heat caufes fluidity, in fome bodies much foon- 
er, and in others later y that is, the parts of the body of fome are fo laoje 
from one another, and fo unapt to cohere, and lb minute and little , that a 
very fmall degree of agitation keeps them always in the Jlate of fluidity. 
Of this kind 3 1 luppofcj the that is the medium or fluid body 3 in 

which all other bodies do as it were Iwim and move y and particularly 
the Air, which lecnis nothing c lie but a kind of tin&ure or Jolution of ter- 
leftiial .and aqueous particles dijfolv d into it, and agitated by it, juft as 
thttinatire ot Cochcnedh nothing but fome finer diffolnble parts of that 
Concrete lick d up or diffolv'd by the fluid water. And from this Notion 
of it, we may eafily give a more Intelligible reafon how the Air becomes 
fo capable otRanfaclion and Condenfation. For, as in ^fiWr,one grain 
of feme jlrongly tmgmg fubftance may fenflbly colour fome hundred thou- 
grams of appropriated Liquorsfo as every drop of it has its proportio- 

" a y Al re ’ f d be A nng <4 M I have t.y’d both with Logmcd 
and CKhtmel : And as fome few grains of Lh is able toinfeft as 

greataQUant.ty,asmay be found by fr M , piutimi, though not fo eilifv 

01 Jaime Jubflame, difiolv dand agitated by the fluid and agil AEt her, may d\f- 
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perfe and expand it felf into a vajl [pace , if it have room enough, and 
infett,as it were, every part of that fpace. But, as on the other fide, if there 
be but fome few grains of the liquor, it may ext rad all the colour of the 
tinging fubftance, and may diffblve all the Salt, and thereby become 
much more impregnated with thole fubftances, fo may all the air that fuf- 
ficedina rarifyd (late to fill fome hundred thoufaud fpacesof iEther, be 
compris’d in only one, but in a pofition proportionable denfe. And though 
we have not yet found out fuch firainers for Tinftures and Salts as we 
have for the Air, being yet unable to Jeparate them from their diffolving 
liquors by any kind of filtre, without precipitation, as we are able to Je- 
parate the Air from the dither by Glafs , and feveral other bodies. And 
though we are yet unable and ignorant of the ways of precipitating Air 
out of the dither as we can Tindnres, and Salts out of feveral diffolvents 
yet neither of thefe feeming impojfible from the nature of the things, nor 
fo improbable but that fome happy future induftry may find out ways to 
effed them ; nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thele adions, namely, 
by precipitating the Air in Rain and Dews, and by fupplying the Streams 
and Rivers of the World with frelh water, Jlrain'd through fecret fub- 
terraneous Caverns: And fince, that in very many other proprieties they 

do fo exadly feem of the fame nature ; till further obfervations or 
tryals do inform us of the contrary , we may fafely enough conclude them of 
the fame kind. For it feldom happens that any two natures have fo ma- 
ny properties coincident or the fame, as I have obferv’d Solutions and 
Air to have, and to be different in the reft. And therefore I think it nei- 
ther impojfible , irrational , nay nor difficult to be able to predict what is 
likely to happen in other particulars alfo, befides thofe which Obfervation 
or Experiment have declared thus or thus ; efpecially, if the circum- 
fiances that do often very much conduce to the variation of the effeds be 
duly weigh’d and confiderd. And indeed, were there not a probability of 
this, our inquiries would be endlefs , our tryals vain , and our greateft in - • 
ventions would be nothing but the meer products of chance , and not of 
Reafon ; and, like Mariners in an Ocean, deftitute both of a Compajs and 
the fight of the Celefiialgtiids, we might indeed, by chance, Steer dir eel ly 
towards our defired Port, but ’tis a thoufand to one but we rnifi our aim. 
But to proceed, we may hence alfo give a plain reafon, how the Air comes 
to be darkned by clouds, See. which are nothing but a kind of precipitati- 
on. and how thofo precipitations fall down in Showrs. Hence alfo could 
I very eafily, and I think truly, deduce the caufe of the curious fixangu- 
lar figures of Snow, and the appearances of Haloes, efic. and the luddeti 
thickning of the Sky with Clouds, and the vanifhing and difappearing of 
thofe Clouds again; for all thefe things may be very eafily imitated in a 
glafs of liquor ^ with fome llight Chymical preparations as I have often try ’d, 
and may fomewhere elfe more largely relate, but have not now time to 
fet them down. But to proceed, there are other bodies that confift cf 
particles more Grofe , and of a more apt figure for cohefion , and this re- 
quires a fomewhat greater agitation ; fuch, I fuppofe?. fermented vinous 

Spirits 



M 



ICROGRAPHTAi 



15 



spirits feveral Chymical Oils , which are much of kin to thofe Spirits, 8cc; 
Others 5 yet requir^ a greater, as water, and fo others much greater, for ai- 
med! infinite degrees: For, I fuppofe there are very few bodies in the 
world that may not be made aliquatenus fluid, by fome or other degiee of 

dg Havfog°thereforein fhort fet down my Notion of a Fluid body, I come 
in the next place to confider what Congruity is ; and this-, as I faid before, 
being a Relative property of a fluid, whereby it may be faid to be like or 
nnlikfi to this or that other body, whereby it does or does not mix with 
this or that body. We will again have recourfe to our former Experi- 
ment, though but a rude one ; and here if we mix in the dtihfeveral kinds 
offends, fome of bigger, others of lefs and finer bulks, we fhall find that 
by the agitation the fine find will ejcCt and throw out of it felf all thofe 
bigger bulks of fmall jiones and the like, and thofe will be gathered toge- 
ther all into one place ; and if there be other bodies in it of other natures, 
thofe alfo will befeparated into a place by themfelves,and united or tum- 
bled up together. And though this do not come up to the highefi proper- 
ty of Congruity, which is a Cohffion of the parts of the fluid together, or 
a kind oh attraction and tenacity, yet this does as ’twere fhadow it outj 
and fomewhat referable it; for juft after the feme manner, I fuppofe 
the pulfe of heat to agitate the lmall parcels of matter, and thofe that are 
of alike bigneff and figure, and matter , will hold, or dance together, and 
thofe which are of a differing kind will be thrufi or Jhov’d out from be- 
tween them ; for particles that are all fimilar , will, like fo many equal 
mufical firings equally firetcht, vibrate together in a kind of Harmony or 
unifon ; whereas others that are dijjimilar, upon what account foever, un- 
less the difproportion be otherwife counter foallanc’d. Will, like fo many 
firings out of tune to thofe unifons, though they have the feme agitating 
pulfe , yet make quite differing kinds of vibrations and repercujfions, fo that 
though they may be both mov’d, yet are their vibrations fo different, and 
fo untun’d, as 'twere to each other, that they crofs and jar againft each 
other, and confequently , cannot agree together, but fly baclg from each 
other to their fimilar particles. Now, to give you an inftance how the 
difproportion of fome bodies in one refpeft, may be count er-ballanc’d by 
a contrary difproportion of the fame body in another relpeft, whence We 
find that the fobtil vinous (pirit is congruous, or does readily mix with wa- 
ter, which in many properties is of a very differing nature, we may con- 
fider that a unifon may be made either by two firings of the fame bionefs 
length and tenfion, or by two ftrings of the fame bigneff but of differin'* 
k^gh^i^rntra^dgeragunfim-, oc by two ftrings of 
length and and of .1 Jifirin g or of eWWi and diffi- 

rng btgncr, and and teveral other fuch varieties. To whichnW 

proper!, c, in grim,, ivtl correfpond three propnaics alfo in find, or the 
tg’-agot bodtes, their Mailer or SHbftame, their Fimre or »L and 
thetr Bed, or And from the vericia of thefe Lee, may 
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brat we motion. And there may be as many ways of making Harmonies 
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and Difcords with thefe, as there may be with mufical firings. Having 
therefore feen what is the caufe of Congruity or Incongruity, thofe rel^ 
tive properties of fluids, we may, from what has been laid, very eafily 
collect, what is the reafon of thofe Relative proprieties alfo between flu- 
id bodies and folid 3 for fince all bodies confift of particles of fuch a Sub- 
ftance, Figure , and Bulky, but in fome they are united together move firm- 
ly then to be loofined from each other by every vibrative motion (though 
I imagine that there is no body in the world, but that lbme degreeof a- 
gitation may, as I hinted before, agitate and loofen the particles fo as to 
make them fluid) thofe cohering particles may vibrate in the fame man- 
ner almoft as thofe that are loofe and become unifons or difiords , as I 
may fo fpeak, to them. Now that the parts of all bodies, though never 
lb folid) do yet vibrate , I think we need go no fnrther for proof, then 
that ^bodies have fome degrees of heat in them, and that there has not 
been yet found any thing perfellly cold : Nor can 1 believe indeed that there 
is any fuch thing in Nature, as a body whofe particles are at ref?, or lazy 
and unaBive in the great Theatre of the World, it being quite contrary to 
the grand Oeconomy of the Univerfe. We lee therefore what is the rea- 
fon of the Jympathy or uniting of fome bodies together, and of the anti - 
pathy or flight of others from each other : For Congruity feems nothing 
elfe but a Sympathy , and Incongruity an Antipathy of bodies 3 hence flmi- 
lar bodies once united will not eafily part, and dijfimilar bodies once difi 
joynd will not eafily unite again 5 from hence may be very eafily deduc’d 
the realbn of th efufpenfion of water and Quicfifllver above their ulual fla- 
tten, as I lhall more at large anon fhew. 

Thefe properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Eff’e&s : 

Firft, They unite the parts of a fluid to its (imilar Solid, or keep them 
fiparate from its dijfimilar . Flence gfluickfdvcr will (as we noted before) 
slicks to Gold;, Silver 3 Tin, Lead fee. and unite with them: but roul off from 
Wood , Stone , Glafs, Sic. if never fo little feituated out of its horizontal le- 
vel-, and water that will wet fait And diflolve it, will flip off from Tallow , 
or the like, without at all adhering 3 as it may likewife be obferved to 
do upon a dufly fuperficies. And next they caule the parts of homogene- 
al fluid bodies readily to adhere together and mix, and of heterogeneal, to 
be exceeding averfi thereunto. Hence we find, that two fmall drops of 
water , on any fuperficies they can roul on, will, if they chance to touch 
each other, readily unite and mix into one 3 d drop : The like may be ob- 
lerved with two fmall Bowls of gfltukfifacr upon a Table or Glafs, pro- 
vided their furfaces be not dufly 3 and with two drops of Oyl upon fair 
water, (fie. And further, water put unto winc,flth water , vinegar , flpirit 
of wine, or the like, does immediately (efpecially if they be fhaken to- 
gether) difperfe it felf all over them. Hence, on the contrary, we alfb 
find, that Oyl of Tartar poured upon gfliick^jilvcr, and Spirit of Wine oil 
that Oyl ', and Oyl of Turpentine on that spirit , and Air upon that Oyl, though 
they beftopt clofely up into a Bottle, and fhaken never fb much, they 
will by no means long fuffer any of their bigger parts to be united or in- 
cluded 
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eluded within any of the other Liquors(by which recited Lrq ; uors,rrtay be 
plainly enough reprefented the four Peripatetical Elements, and' the more 
fubtil Mther above all.) From this property ’tis, that a drop of water does 
not mingle with, or vanilh mwAir, but is driven (by that Fluid equally 
protruding it on every fide) andforc’t into as little a fpace as it can pop 
fibly be contained in, namely, into a Round Globule. So likewile a lit- 1 
tie Air blown under the water , is united or thruft into a bubble by the 
ambient water. And a parcel cf gniufifilvcr enclofed with Air , Water, 
or almoft any other Liquor, is formed into a round Ball. 

Now the caufe why all thefe included Fluids, newly mentioned 6 or as 
many others as are wholly included within a heterogeneous fluid, are 
not exactly of a Spherical Figure (feeing that if caufedby thefe Principles 
only, it could be of no other) mult proceed from fome other kind of 
prefiure againff the two oppofite flatted fides. This adventitious or acci- 
dental prefiure may proceed from divers caufls , and accordingly muff dz- 
verfifl'e the Figure of the included heterogeneous fluid : For feeing that a 
body may be included either with a fluid only, or only with a fi iid , or 
partly with a fluid, and partly with a folid, or partly with one fluid, and 
partly with another 3 there will be found a very great variety of the ter- 
minating furfaces , much differing from a Spherical , according to the vari- 
ous refiffance or prefliire that belongs to each of thefe encompafling bo- 
dies. 
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Motion, and Reft. For, either this Globular Figure is altered by a natu- 
ral Motion, fuch as is Gravity 3 or a violent, fuch as is any accidental motion 
of the fluids, as wc fee in the wind ruffling up the water, and the purlings 
of Streams, and foaming of CatarraSls, and the like* Or thirdly, By the 
Reft, Firmnefs and Stability of the ambient Solid. For if the including 
Sohdbe of an angular or any other irregular Form, the included fluid will 
be near of the likg, as a Pint-rot full of water, or a Bladder full of Air. And 
next, if the including or included fluid have a greater gravity one than 
another, then will the globular Form be depreft into an Elliptic o-fpheri c al • 
As if, for example, we fuppofe the Circle A B C D, in the fourth Fteure 
to repre.ent a drop of water, gfliufifdver, or the like, included with the 
Air or the like which fuppoimg there were no gravity at all in either of 
the fluids, or that the contained and containing were of the fameweieht 
would be equally comprefi into an exactly fphericalbodp ( the ambfent 
fluid forcing equally agamff every fide of it.) But foppofing either a 
greater gravity m the included, by reafon whereof the parts Sf it befog 
f fro “ ^towards B and thereby the whole put into n^il wf 
T he] . n fi Jl ^!' ed b y the reflflance of the Jubjacent parrs of the 
S Wi 1 b f into the 14^ 

B to F by the refinance of rhl f k-' S c etm ^ e f! ro E by the Gravity, and 
necefiaril/ be thrufl to G- and D to *Tn ^ therefore c muff 

ty in the ambient, bv whofe more rhf n n V ^ ^'PP^g a gtGStzr gravid 
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the motion upwards, the fide A will be depreft to E, and therefore C being 
thruft to G and D to the globular Figure by this means alfo will be 
made an Elliptico-jpherical. Next if a fluid be included partly with one, 
and partly with another fluid, it will be found to be fhaped diverfly , ac- 
cording to the proportion of the gravity and incongruity of the 3 fluids 
one to another : As in the fecond Figure , let the upper M MM be Air, the 
middle L M N 0 be common Oyl, the lower OOO be Water , the Oyl 
will he form’d, not into a Jpherical Figure, fuchas isreprefented by the 
pricked Line, but into luch a Figure as LM N O, whole fide L M N 
will be of a flatter Elliptical Figure, by reafon of the great difproportion 
between the Gravity of Oyl and Air , and the fide L O M of a rounder, 
becaule of the (mailer difference between the weight of Oyl and Water. 
haMy, The globular Figure will be changed, if the ambient be partly fluid 
and partly flolid. And here the termination of the incompafled fluid to* 
wards the incompafling is lhap’d according to the proportion of the con- 
fruity or incongruity of the fluids to the Jblids , and of the gravity and 
incongruity of the fluids one to another. As liippofe the fubjacent me - 
dium that hinders an included fluids defcent,be a flolid , as let K I, in the 
fourth Figure , reprefent the Imooth (uperficies of a Table 5 E G F H, a 
parcel of running Mercury 3 the fide G F H will be more flatted , ac- 
cording to the proportion of the incongruity ot the Mercury and Air to 
the Woodland, of the gravity of Mercury and Air one to another 3 The fide 
G E H will likewife be a little more depreft by reafon the fubjacent 
parts are now at reft, which were before in motion. 

Or further in the third Figure, let A I L D reprefent an including flo- 
lid medium of a cylindrical lhape ( as fuppofc a fmall Glafls Jar ) Let 
F G E M M reprefent a contain’d fluid , as water $ this towards the bot- 
tom and fides, is figured according to the concavity of the Glafls : But its 
upper Surface , ( which by reafon of its gravity, ( not confidering at all 
the Air above it, and fo neither the congruity or incongruity of either of 
them to the Glafs ) Ihould be terminated by part of a Sphere whofe dia- 
meter fhould be the fame with that of the earth, which to our fenfe would 
appear a ftraightl/'»e, asF G E, Or which by reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its Gravity ) 
would be thruft into a concave Sphere, asC H B, whofe diameter would 
be the fame with that of the concavity of the Vefl'el : ) Its upper Surface, 
I lay, by reafon of its having a greater gravity then the Air, and having 
likewife a greater congruity to Glals then the Air has, is terminated, by a 
concave Elliptico-jpherical Figure, as C K B. For by its congruity it eafily 
conforms it felf, and adheres to the Glafs, and conftitutes as it were one 
containing body with it, and therefore Ihould thruft the contained Air on 
that fide it touches it, into a Jpherical Figure, as B H C, but the motion of 
Gravity depreffing a little the Corners B and C, reduces it into the afore- 
faid Figure C K B. Now that it is the greater congruity of one of the 
two contiguous fluids, then of the other,to the containing jolidflyt caufes 
the feparating lurfaces to be thus or thus figured : And that it is not be- 
caule this or that figurated furface is more proper, natural, or peculiar to 
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one of thefe fluid bodies,then to the other, will appearfrom this* thatthe 
fame fluids will by being put into differing flolids , change their Jhrfaces.. 
For the fame water , which in a Glals or wooden Vellel will have a con- 
cave furface upwards,and will rife higher in a fmaller then a greater Pipe, 
the lame water, I lay, in the lame Pipes greafed overoroyled, will pro- 
duce quite contrary effe&s 3 for it will have a protuberant and convex fur- 
face upwards, and will not rife lb high in (mall, as in bigger Pipes ; Nay, 
in the very fame folid Vellel , you may make the very fame two contigu- 
ous Liquids to alter their Surfaces 3 for taking a (mall Wine-gIa£,or fueh 
like Vellel, and pouring water gently into it, you fhall perceive the fur- 
face of the water all the way concave, till it rife even with the top, when 
you lhallfind it ('if you gently and carefully pour in more) to grow 
very protuberant and convex 3 the reafon of which isplain , for that the 
flolid fides of the containing body are no longer extended , to which the 
water does more readily adhere then the air 3 but it is henceforth to be 
included with air, which would reduce it into a hemifphere , but by reafon 
of its gravity, it is flatted into an Oval. Quicksilver alfo which to Glafls 
is more incongruous then Air ( and thereby being put into a Glafls -pipe , 
will not adhere to it, but by the move congruous air will be forced to have 
a yety protuberant furface, and to rife higher in a greater then a Idler 
Pipe ) this Quicksilver to clean Metal, efpeVially toGold,silver, Tin. Lead \ 
&c. Iron excepted, is more congruous then Air and will not only ftick to 
it, but have a concave Surface like water, and rife higher in a lels, then in a 
greater Pipe. 

In all thefe Examples it is evident , that there is an extraordinary and 
adventitious force, by which the globular Figure of the contained hetero- 
geneous fluid is altered 3 neither can it be imagined, how it Ihould other- 
wflebe of any other Figure then Globular : For being bv the heterogene- 
ous fluid equally protruded every way .whatsoever part is protuber ant*, will 
be thereby depreft. Front this cauie it is, that in its efiefts it does very 
much referable a round Spring fuchas a Hoop.) Forasina round spring 

dnrP il S I ; e< J Ulred ^ n additional preflfure againft two oppofite ltdes, tore- 
uce it int° an Oval Form , or to force it in between the fides of a Hole 
whofe Diameter is Ids then that of the Spring, there muft bed ZStonZ 
ble fo«e or Pflotruflon ag;Mnhthe concave or inner fide of the Spriv So 

ot?^dm hl ^T^° n ^ t X ticnof an included fluid body , thesis re 
quued l more preffure againft oppofite fides to reduce it into an (W- * 3 

Mu. The neceffity and reafon of thi, we ° r - rrotu ^. e t, ’ em mto (mailer 
plain : but being not fo Slarv and T " could eaffly ex- 

then I have for it at prefent I IlnJl f SV™g more room and time 
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round Spring ( the way of making which trials is obvious enough. ) And 
with the fluid bodies of Mercury , Air, &c, the way of trying which, will 
be lbmewhat more difficult 3 and therefore I (hall in brief defcribe it. He 
therefore that would try with Air , muft firft be provided of a Glafs-pip e , 
made of the (hape of that in the fifth Figure , whereof the fide A B, re- 
prefents a ftraight Tube of about three foot long, C,reprefents another 
part of itjwhich confifts of a round Bubble 3 (o ordered, that there is left a 
pajjdge or hole at the top , into which may be faftened with cement feveral 
final! Pipes of determinate cylindrical cavities : as let the hollow of 
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There may be added as many more , as the Experimenter (hall think fit, 
with holes continually decreafing by known quantities, fo far as his fenfes 
are able to help him 3 I fay, fo far, becaufe there may be made Pipes fo 
(mall that it will be impoffible to perceive the perforation with ones na- 
ked eye,though by the help of a Microfcope , it may eafily enough be per- 
ceived : Nay, I have made a Pipe perforated from end to end, fo (mall, 
that with my naked eye I could very hardly fee the body of it, infomuch 
that I have been able to knit it up into a knot without breaking : And 
more accurately examining one with my Microfcope, I found it not fo big 
as a fixteenthpart of one of the fmaller hairs of my head which was of 
the fmaller and finer fort of hair, fo that lixteen of thefe Pipes bound fag- 
got-wife together, would but have equalized one fingle hair; how fmall 
therefore muft its perforation be? It appearing to me through the Micro- 
fcope to be a proportionably thickfided Pipe. 

To proceed then, for the trial of the Experiment , the Experimenter 
muft place the lube A B, perpendicular, and fill the Pipe F ( cemented in- 
to the hole E ) with water, but leave the bubble C full of Air , and then 
gently pouring in water into the Pipe A B, he muft obferve diligently 
how high the water will rife in it before it protrude the bubble of Air C, 
through the narrow paflage of F, and denote exaftly the height of the 
Cylinder of water, then cementing in a fecond Pipe as G, and filling it 
with water 5 he may proceed as with the former, denoting likewife the 
height of the Cylinder of water, able to protrude the bubble C through 
the paffage of G P the like may he do with the next /V/^and the next j&c. 
as far as he is able : then comparing the (everal heights of the Cylinders^ 
with the feveral holes through which each Cylinder did force the air ("ha- 
ving due regard to the Cylinders of water in the fmall ‘lubes) it will 
very eafie to determine, what force is requifite to prefs the Air in- 
to fuch and fuch a hole, or (to apply it to ourprefent experiment ) 

how 
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how much of the preflure of the Air is taken off by its ingrefs into Smal- 
ler and fmaller holes . From the application of which to the entringof 
the Air into the bigger hole of the*#/, and into the fmaller hole of the 
%e we (hall clearly find, that there is a greater preffure of the air upon 
the water in the Vejjel or greater pipe, then there is upon that in the Idler 
pipe: For (incethe preflure of the air every way is found to be equal, 
that is as much as is able to prefs up and fuftain a Cylinder of gunfisiher 
of two foot and a half high, or thereabouts 3 And fince of this preflure 
fo many more degrees are required to force the Air into a fmaller then 
into a greater hole that is full of a more congruous fluid. And laftly, 
fince thofe degrees that are requifite to prefs it in, are thereby taken off 
from the Air within , and the Air within left with fo many degrees of 
preflure left then the Air without 3 it will follow, that the Air in the Ids 
Tube or pipe , will have le(s preflure againft the fuperficies of the -water 
therein, then the Air in the bigger ; which was the minor Propofition to 
be proved. 

The Conclufion therefore will neceflarily follow, viz. That this une- 
qual preffure of the Air caufcd by its ingrefi into unequal holes , is a caufe Jujfi- 
cient to produce this effeU , without the help of any other concurrents and 
therefore is probably the principal (if not the only) caufe of thefe Pheno- 
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This therefore being thus explained , there will be divers Phenomena 
explicable thereby, as, the rifing of l iquors in a Filtre , the rifing of Spirit 
of Wine , 0//, melted Tallow , &c. in the Week, of a Lamp, ( though made 
of fmall Wire , ihreeds of Asbefius , Strings of Glafs, or the like ) the rifing 
of Liquors in a Spunge, piece of Bread, Sand, &c. perhaps alfo the afcend- 
ing of the Sap in Trees and Plants , through their (mall, and feme of them 
imperceptible pores, (of which I have (aid more, on another occafion ) at 
leaft the palling of it out of the earth into their roots. And indeed up- 
on the confideration of this Principle , multitudes of other ufes of it oc- 
curr’d tome, which I have not yetfo well examined and digefted as to 
propound for Axioms, but only as g)ucrics andConie&ures which mav 
ferve as hints toward fome further difioveries. 1 

As fit ft, Upon the confideration of the congruity and incongruity of Bo- 
dies, as to touch, I found alfo the like congruity and incongruity f if l mav 
fo freak ) as to the Tr admitting of the Raies of Light : For as in this re- 
gard , water ( not now to mention other Liquors) feems nearer of 

of 'Glafs, will pafs into water with very little refralhon from th icperpendl 
tular. but none out of Glafs into An, excepting a direct, will paft without 
a very great refraction from the perpendicular nav mv nkHnni tT 
det thirty degrees, will not beadtnitted into IheSal T d IZ 
Jihcr will neither admit oblique or direft but o R.-rh ,u ’ r An . 
the tranfmitting of the Raiei of liehf m as “ 
tution, front thaf of^Sl,® and t o reSf e COnfti - 

cousand ftrong reflefting bodie/of M«ah“ So att Z°J 
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more congruous to Glafs then Air , and Air then Quicklilver. 

A Second thing ( which was hinted to me, by the coniideration of the 
included fluids globular form , caufed by the protrulion of the ambient 
heterogeneous fluid ) was, whether the Fkdnemena of gravity might not 
by this means be explained, by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid , heterogeneous to all and each of them, 
io fubtil , as not only to be every where interjperjed through the Air, ( or 
rather the air through it ) but to pervade the bodies of Glafs , and even 
the clofejl Metals , by which means it may endeavour to detrude all earth- 
ly bodies as far from it as it can and partly thereby, and partly by other 
of its properties may move them towards the Center of the Earth. Now 
that there is fome fuch fluid, I could produce many Experiments and Rea- 
ibns , that do leem to prove it : But becaufe it would ask fome time and 
room to fetthem down and explain them, and to confider and anfwer all 
the Objections ( many whereof I forefee ) that may be alledged againft 
it 5 I (hall at prelent proceed to other Queries , contenting my felf to have 
here only given a hint of what I may fay more elfwhere. 

A Third Query then was , Whether the heterogeneity of the ambient 
fluid may not be accounted a fecondary canjeoi the roundnefs or globular 
forntoi the greater bodies of the world, fuch as arethofeof the Sun, Stars, 
and Planets , the fubflance of each of which leems altogether heterogene- 
ous to the circum-ambient fluid tether ? And of this I lhall lay more in the 
Obfervation of the Moon. 

A Fourth was, -Whether the globular form of the fmaller parcels of 
matter here upon the Earthy as that of Fruits , Pebbles , or Flints , &c. 
C which leem to have been a Liquor at firft ) may not be caufed by the 
heterogeneous ambient fluid. For thus we fee that melted Glafs will be 
naturally formed into a round Figure •, l'o likewife any fmall Parcel of any 
fujiblc body , if it be perfe&ly enclol'ed by the Air , will be driven into a 
globular Form ; and,when cold, will be found a Jblid Ball. This is plainly 
enough manifefted to us by their way of making Jhot with the drops of 
Lead which being a very pretty curiofity,and known but to a very few, 
and having the liberty of publishing it granted me, by that Eminent Vir- 
tuofo Sir Robert Moray , who brought in this Account of it to the Royal So- 
ciety, , I have here tranferibed and inferted. 

To make fmall (hot of different lizes ; Communicated by his 
Highnefs P. R. 

T Ake Lead out cf the Pig what quantity you pleafe, melt it down, 
fiir and clear it with an iron Ladle , gathering together the 
blackijh farts that fwim at top like fium , and when you fee the co- 
lour of the clear Lead to be greenifijfiut no fooner , Jlrew upon it Auri- 

pigmentum 
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pigmentum powdered according to the quantity of Lead , about as 
much as will lye upon a half Crown piece will fervefor eighteen or 
twenty pound weight of fome forts of Lead ; others will require more, or 
lejl. After the Auripigmentum is put in, fiir the Lead Well, and the 
Auripigmentum will flame: when the flame hover, take out fome 
of the Lead in a Ladle having a lip or notch in the brim forconveni- 
entpourin flout of the headland being well warmed amongji the melted 
Lead, and with a fickmake fome fmgle drops of Lead trickle out of 
the Ladle into water in a Glafs , which if they fall to be round and 
without tails , there is Auripigmentum enough put in, and the temper 
cf the heat is right, otherwife put in more. Then lay two bars of Iron 

( or fome more prefer Iron-tool made on purpofe) upon a Pail of wa- 
ter, and place upon them a round Plate of Copper, of the fizeand figure 
cf an ordinary large Pewter or Silver Trencher , the hollow whereof is to 
he about three inches over , the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more fmall holes', the fmaller the 
holes are, the fmaller the foot will be-, and the brim is to be thicker then 
thebottom,to conferve the heat the better. 

The bottom of the Trencher being fome four inches difiant fr urn the 
water in the Pailjay upon it fome burning Coles,to keep the Lead melt- 
ed upon it. Then with the hot Ladle take Lead of the Pot where it 
jlands melted, and pour it foftly upon the burning Coles over the bottom 
of theTrencher , and it willimmediately run through the holes into the 
water in fmall round drops. Thu s pour on new Lead fiill as faft as 

it runs through the Trencher till all be done ; blowing now and then' 
the Coles with hand-Bellows, when the Lead in the Trencher cools fo as 
to fop from running. 

Whilji one pours on the Lead, another niufl, with another Ladle, 
thru fled four or five inches under water in the Pail , catch from time 
to time fome of the Jhot, as it drops down, to fee the fize of it, and whether 
therebe any faultsin it. The greatejlcare is to keep the Lead upon 
theTrencher in The right degree of heat; if it be too cool , itwillnot 
run through the Trencher, though itftand melted upon it ; and this is to 
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he helped by blowing the Coals a little , or pouring on new Lead that h 
hotter : but the cooler the Leadjke larger the Shot ; and the hotter yhe 
[mailer ; when it is too hot , the drops will crack, and fly ; then you 
muft flop pouring on new headland let it cool ; and fo long as you ob- 
serve the right temper of the heat , the Lead will conjiantly drop into very 
round Shot , without fo much as one with a tail in many pounds. 

If hen all is done, take your Shot out of the Tail of water , and put it 
in a Frying-pan over the fire to dry them , which muft be done warily , 
fiill flaking them that they melt not ; and when they are dry you may 
feparatethe j, mall from the great , in Pearl Sives made of Copper or 
Lattin let into one another , into as many fizes as you pleafe. But if 
you would have your Shot larger then the Trencher makes them , you 
may do it with a Stick. ■, making them trickle out of the Ladle , as hath 
been [aid. 

If theTrencher be but touch a very little when the Lead flops from 
going through it , and he not too cooljt will drop again , but it is better 
not to touch it at all. At the melting of the Lead take care that there 
be no kind of Oyfi Greafe , or the like-) upon the Tots , or Ladles Tren- 

cher. 

The Chief caufe of this Globular Figure cf the Shot, feems to be the 
Auripigmentum ; for 7 as foon as it is put in among the melted Lead , 
it lofes its filming brightnefs , contrasting inftantly a grayifl film or 
skin upon it , when you ficum it to make it clean with the Ladle. So 
that when the Air comes at the falling drop of the. melted Lead , that 
skfn confirms them every where equally : but upon what account , and 
whether this be the true caufe , is left to further difquifition , 

Much after this fame manner, when the Air is exceeding cold through 
which it pafles, do we find the drops of Rain, . falling from the Clouds, 
congealed into round Hail-flones by the freezing Ambient. 

To which may be added this other known Experiment, That if you 
oently let fall a drop of water upon frnall fancl or dujl } you (hall find, as it 
were, an artificial round Jlone quickly generated, f cannot upon this oc- 
cafion omit the mentioning of the brange kind of Grain , which 1 have 
obferved in a ftone brought from Kettering in Northamptonjhirc, and there- 
fore called by Mafons Kettering-Stone , of which fee the Defcription. 

Which 
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Which brings into rtiy mind 'j'hatllon^lliKC to^ecfwhaovas 

toc c k fire °T* 

Viece of Paper, and obfervihg diligently where feme confpi- 
VCry f h ks P went out found a very little black fpot no bigger then 

cuous we throueh a Microfcope appeared to be a perfe#- 

the point . , h jjkea polifht ball of Steel, infomuch that 

Cabled the window reflected from it. I cannot 

S r having done it more fully in another place ) to examine the 
particular Reafons of it, but (ball only hint, that I imagine it to be iome 
(mall parcel of the Steel, which by the violence of the motion of the 
broke f mob of which feems to be impreft upon thofe lmall parcels ) is 
made fo glowing hot, that it is melted into a Vitrum, which by the ambi- 






A Fifth thing which I thought worth Examination was. Whether the 
motion of all kind of Springs, might not be reduced to the Principle 
whereby the included heterogeneous fluid feems to be moved, or to that 
whereby two Solids, as Marbles, or the like, are thruft and kept together 
by the ambient fnid. 

A Sixth thing was,Whether the Riling and Ebullition of the Water Out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it feems to be derived) 
may not be explicated by the riling of Water in a (mailer Pipe .• For the 
Sea-water being brained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where thepreiliireof the Air has not 
(o great a power to refib its tiling : But examining this'way, and finding 
in it feveral difficulties almoft irremovable, I thought upon away that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glals-Tube, of the form of that 
deferibed in the lixth Figure, and chufing two heterogeneous fluids , luch 
as Water and Oyl, I poured in as much Water as filled up the Pipes as 
high as A B, then putting in fome Oyl into the Tube AC, I depreft the 
fuperficies A of the Water to E, andB I railed to G, which was not lo 
high perpendicularly as the fuperficics of the Oyl F, by the fpace F I, 
wherefore the proportion of the gravity of thele two Liquors was as 
G H to F E. 




. r # LA1V ' 1 ■LKjuuib, aiiu particularly 

with freih Water and Salt ( which I made by diflblving Salt in warm 
Water ) which two though they are nothing heterogeneous, yet before 
they would perfeftly-mix one with another , I made' trial of the Experi- 
ment .* Nay, letting the Tube wherein I tried the Experiment remain for 
many dayes , I obferved them not to mix j but the fuperficies of the frelh 
was rather more then lefs elevated above that of the Salt. Now the 
proportion of the gravity of Sea- water, to that of River-water, accord- 
ingto Stevinus and Karenins, and as I havefmee found pretty true by 
making trial my felt, is as 46. to 45. that is, 46. Ounces of the fait wl 

^ ter 
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ter will take up no more room then 45. of the frelh. Or reciprocally 
45 pints of falt-water weigh as much 3546 of frelh. 

But I found the proportion of Brine to frefh Water to be near 13 to 12; 
Suppofing therefore GHMto reprefentthe Sea, and F I the height of 
the Mountain above the Superficies of the Sea, F M a Cavern in the 
Earth, beginning at the bottom of the Sea, and terminated at the top of 
the Mountain, L M the Sand at the bottom , through which the Water 
is as it were ftrained , lb as that the frefher parts are only permitted to 
tranlude,and the faline kept back 3 if therefore the proportion of G M 
to F M be as 45 to 46, then may the Cylinder of Salt-water G M make 
the Cylinder of Frelh- water to rile as high as E, and to run over at N. 
I cannot here hand to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies , to be no more perpendicularly 
meafured then the height of the Mountains above it : Tis enough for 
me to fay, there is no one of thofe that have aflerted it , have experimen- 
tally known the perpendicular of either 3 nor lhall I here detcrmine,whe- 
ther there may not be many other caules of the leparation of the frelh 
water from the lalt , as perhaps Ibme parts of the Earth through which it 
is to pals , may contain a Salt , that mixing and uniting with the Sea-lalt, 
may precipitate it 5 much after the lame manner as the Alhalizate and 
Acid Salts mix and precipitate each other in the preparation of Tarta- 
rum Vitriolatum. I know not alfo whether the exceeding cold ( that 
muff neceflarily be ) at the bottom of the Water, may not help towards 
this leparation , for we find , that warm Water is able to diflolve and 
contain more Salt , then the lame cold 3 infomuch that Brines ftrongly 
impregnated by heat, if let cool , do fuffer much of their Salt to fubfide 
and cryflallize about the bottom and fides. I know not alfo whether 
the exceeding preffure of the parts of the Water one again!! another, 
may not keep the Salt from defeending to the very bottom , as finding 
little or no room to inlert it lelf between thole parts , protruded lo vio- 
lently together , or elle Iqueeze it upwads into the fuperiour parts of the 
Sea, where it may more ealily obtain room for it lelf, among!! the parts 
of the Water , by realbn that there is more heat and lels prefliire. To 
this Opinion I was lomewhat the more induced by the relations I have 
met with in Geographical Writers, of drawing frelh Water from the bot- 
tom of the Sea, which is Hilt above. I cannot now hand to examine, 
whether this natural perpetual motion may not artificially be imitated ; 
Nor can I hand to anfwer the Obje&ions which may be made again!! this 
ray Suppofition : As, Firf!, How it comes to pafs,that there are lometimes 
lalt Springs much higher then the Superficies of the Water? And, Se- 
condly, Why Springs do not run fuller and llower, according to the vary- 
ing height made of the Cylinder of Sea- water, by the ebbing and flow- 
ing of the Sea ? 

"As to the Firft, Inlhort, I fay, the. frelh Water may receive again a 
feline Tincture near the Superficies of the Earth , by puffing through 
fome fait Mines , or elfe many of the faline parts of the Sea may be kept 
back, though not all. 



And 
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means 



And as to the Second , The fame Spring may be fed and iupplyed by 
divers Caverns , coming from very far diftant parts of the Sea , fo as that 
it may in one place be high , in another low watery and fo by t 
the slrm may be equally iupply’d at all times. Or elle the Ca 
be fortnight and narrow , that the water not having fo rcady ana tree 
milage through it, cannot upon fo fhort and quick mutations of preflure, 
£e able to produce any fenfible effect at fuch a diftance. Befides that, 
to confirm this hypothecs, there are many Examples found in Natural Hrfio- 
rians of springs that do ebb and flow like the Sea : As particularly, thofe 
recorded by the Learned Camden, and after him by Speed,to be found in 
this Ijland : One of which, they relate to be on the Top of a Mountain, 
by the fmall Village Ki/ken in Flintshire , Marts <cmulus qui flatis tempo- 
ribus ft/as evornit & reforbet Aquas 3 Which at certain times rifeth and 
falleth after the manner of the Sea. A Second in Caermardcnjhire , 
near Caermarden, at a place called Cantred Bichan 3 Qui ( ut feribit Gi- 
r aid us ) natural i die bis undis deficiens , & toties exuberans , marinas 
imitatur injlabilitates 3 That twice in four and twenty hours ebbing and 
flowing , refembleth the unftable motions of the Sea. The Thanomena 
of which two may be ealily made out, by fuppofing the Cavern , by which 
they are fed, to a rife from the bottom of the next Sea. A Third, is a 
Well upon the River Og more in Glamorganshire, and near unto Newton, of 
which Camden relates himfelf to be certified, by a Letter from a Learned 
Friend of his that oblerved it, Fons abejl hinc, <&c. The Letter is a little 
too long to be inlerted,but the fubftance is this 3 That this Well ebbs and 
flows quite contrary to the flowing and ebbing of the Sea in thole parts : 
for ’ds almoll empty at Full Sea, butfullat Low water. This may hap- 
pen from the Channel by which it is fupplied , which may come from the 
bottom of a Sea very remote from thofe parts , and where the Tides are 
much difiering from thofe of the approximate fliores. A Fourth,liesin 
Wejtmorland , near the River Loder 3 Qui injlar Euripi Jkpius in die red - 
procan tibus undis jluit &refuit , which ebbs and flows many times a day, 
This may proceed from its being fupplyed from many Channels , coming 
from feveral parts of the Sea, lying fufficiently diftant afunder to have the 
times of High-water differing enough one from the other 5 fo as that 
when foe ver it lhall be High water over any of thofe places, where thefe 
Channels begin, it lhall likewife be fo in the Well 3 but this is but a fuppo- 
fition. rr 

A Seventh Query was, Whether the dilution or mixing of feveral bo- 
dies, whether fluid or folid,with laline or other Liquors, might not partly 
be attributed to this Principle of the congruity of thofe bodies and their 
diflolyents ? As of Salt in Water, Metals in feveral Menfiruums , Undluous 
Gums in Oyls, the mixing of Wine and Water, dv. And whether pred- 
pitatton be not partly made from the fame Principle of Incongruity > I 
Sen?’ bCCaUk theiC aiein f0ine ^Ablutions, fome other Caufes con- 

and S 3 r C » mo r e , feemin g 1 y faange and unlikely Query y 

and that is, Whether this Principle, well examined and explainedTniy 
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hot be found a co-efficient in the moft confiderable Operations of Na- 
ture ? As in thofe of Heatymd Light, and confequently .of Rarefaction and 
Condenfation , Hardncfs , and Fluidnefs, Perfpicuity and Opacoufnefs, Refracti- 
ons and Colours. &c. Nay, I know not whether there may be many things 
done in Nature, in which this may not ( be (aid to ) have a Finger > This 
I have in fome other paflages of this Treadle further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofion, which is ap- 
plicable to congruity,and conlequently all the reft will be but fitbfiquents: 
In the mean time I would not willingly be guilty of that Error, which the 
thrice Noble and Learned Verulant juftly takes notice of, as fuch, and calls 
rhilofophi <e Genus Empiricum , quod in pan corum Experimentorum Angufiij$ 
& Obfcuritate fundatum eji. Fori neither conclude from one Angle Expe- 
riment,nor are the Experiments I make ufe of, all made upon one Subjeift : 
Nor wreft I any Experiment to make it quadrare with any preconceiv’d 
Notion. But on the contrary, I endeavour to be conversant in divers 
kinds of Experiments, and all and every one of thole Trials, I make the 
Standards or Touchftones, by which I try all my former Notions, whether 
they hold out in weight, and meafure,and touch, &c. For as that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( liich as are the Malleablenels, Weight, Colour, Fixtnels 
in the Fire, Indiilolublenefs in Aqua fortis,, and the like ) though it has all 
the other 5 lo will all thofe Notions be found to be falfe and deceitful, 
that will not undergo all the Trials and Teftsmade of them by Experi- 
ments. And therefore luch as will not come up to the defired Apex of 
Perfe&ion, I rather wholly re jeift and take new, then by piecing and 
patching,endeavourto retain the old,as knowing fuch things at beft to be 
but lame and imperfefr. And this courle I learned from Nature 5 whom 
we find neglectful of the old Body, and fullering its Decaies and Infirmi- 
ties to remain without repair , and altogether follicitous and careful of 
perpetuating the Species by new Individuals. And it is certainly the moft 
likely way to ere (ft a glorious Structure and Temple to Nature, luch as file 
will be found ( by any zealous Votary ) to refide in , to begin to build a 
new upon a litre Foundation of Experiments. 

But to digrels no further from the confideration of the Phenomena, 
more immediately explicable by this Experiment, we lhall proceed to 
fhew, That, as to the riling of Water in a Filtre, the reafon of it will be 
manifeft to him, that does take notice, that a Filtre is conftituted of a great 
number of fmalllong Iblid bodies , which lie lo dole together, that the 
Air in its getting in between them , doth lofe of its preflure that it has a- 
gainft the Fluid without them, by which means the Water or Liquor not 
finding lo ftrong a refiftance between them as is able to counter-ballance 
the preflure on its fuperficies without, israifed upward, till it meet witha 
preflure of the Air which is able to hinder it. And as to the Riling of 
Oyl, melted Tallow, Spirit of Wine, &c. in the Week of a Candle or 
Lamp, it is evident, that it differs in nothing from the former, fave only 
in this, that in a Filtre the Liquor defeends and runs away by another 
part j and in the Week the Liquor is dilperfed and carried a wav by the 

Flame 3 
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Fhme • lomething there is alcribable to the Heat , for that, it may rarifie 
rhe more volatil and fpirituous parts of thofe combuftible Liquors, and l fo 

being made lighter then the Air, it maybe protruded upwards by that 

more ponderous fluid body in the Form of Vapours } but this can be 
aferibed to the afcenlion of but a very little, and moft likely of that on- 
ly which afeends without the Week. As for the Riling of it in a Spunge, 
Bread Cotton .&c. above rhe fuperficies of the fubjacent Liquor $ what 
has been faid about the Filtre ( if confidered ) will eafily fuggeft a 
reafon , confidering that a M thefe bodies abound with fmall holes or 

pores. 

From this fame Principle alfo ( viz. the unequal frejjnre of the Air a - 
<rainjl the unequal fuperficies of the water ) proceeds the caufe of the ac~ 
ceflion orincurfion of any floating body againft the fidesof the con- 
taining Veflel , or the appropinquation of two floating bodies, as Bubbles } 
Corks , Sticks, straws , &c. one towards another. As for inftance, Take 
a Glals-jar, fuch as A B in the feventh Figure, and filling it pretty near the 
top with water , throw into it a fmall round piece of Cork, as C, and 
plunge it all over in water , that it be wet , fo as that the water may rile 
up by the fides of it, then placing it any where upon the fuperficies, about 
an inch, or one inch and a quarter from any fide, and yon (hall perceive it 
by degrees to make perpendicularly toward the neareft part of the fide, 
and the nearer it approaches , the fafter to be moved } the reafon of 
which Phenomenon will be found no other then this, that the Air has a 
greater preflure againft the middle of the fuperficies , then it has againft 
thofe parts that approach nearer, and are contiguous to the fides. Now 
that the preflure is greater , may ( as I (hewed before in the explication 
of the third Figure ) be evinced from the flatting of the water in the 
middle, which ariles from the gravity of the under fluid : for fince, as I 
(hewed before, if there were no gravity in the under fluid,or that it were 
equal to that of the upper , the terminating Surface would be Spherical, 
and fince it is the additional preflure ol the gravity of water that makes 
it fo flat,it follows, that the preflure upon the middle muft be greater then 
towards the fides. Hence the Ball having a ftronger preflure againft that 
fide of it which refpeefts the middle of the fuperficies, then againft that 
which relpe&s the approximate fide , muft neceflarily move towards that 
part, from whence it finds leaft refiftance, and fo be accelerated, as the re- 
fiftance decreales. Hence the more the water is raifed under that part 
of its way it is paffing above the middle, the fafter it is moved • And 
therefore you will find it to move fafter in E then in D, and in D then 

in C. Neither could I find the floating fubftance to be moved at all un- 

tlir r I P l d rfT F art of the snperfeies that was fenfibly cle- 
' ated above the height of the middle part. Now that this may be the 

true caufe, you may try with a blown Bladder, and an exaftly round b' 11 

luddLtu 1 S Md’fn®" ’w nd y °" 

Bladder, you lhall find the Ball moved Iron the middle towards the fides. 

Having 
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Having therefore fhewn the reafon of the motion of any float towards 
the tides, the reafon of the incurfion of any two floating bodies will eafi- 
]y appear : For the rifing of the water againft the tides of either of 
them, is an Argument fufficient,to thew the prefiure of the Air to be there 
lefs,then it is further from it, where it is not to much elevated 3 and there- 
fore the reatbn of the motion of the other toward it , will be the fame as 
towards the fide of the Glats =, only here from the fame reafon , they are 
mutually moved toward each other , whereas the fide of the Gluts in the 
former remains fixt. If alfo you gently fill the Jar fo full with water, 
that the v/ater is protuberant above the tides, the fame piece of Cork that 
before did haften towards the tides , does now fly from it as faft towards 
the middle of the Superficies 5 the reafon of which will be found noo- 
ther then this, that the prefiure of the Air is ftronger againft the tides of 
the Superficies G andH, then againft the middle 1 5 for fince, as I fhewed 
before, the Principle of congruity would make the terminating Surface 
Spherical , and that the flatting of the Surface in the middle is from the 
abatement of the waters prefiure outwards, by the contrary indeavour 
of its gravity 5 it follows that the prefiure in the middle muft be lefs then 
on the fides $ and therefore the confecution will be the fame as in the 
former. It is very odd to one that confiders not the reafon of it , to fee 
two floating bodies of wood to approach each other, as though they were 
indued with fome magnetical vigour , which brings into my mind what I 
formerly tried with a piece of Cork or fuch like body, which I fo order- 
ed, that by putting a little ftick into the fame water, one part of the faid 
Cork would approach and make toward the ftick, whereas another 
would difeede and fly away, nay it would have a kind of verticity , fo as 
that if the A Equator (as I may fo fpeak) cf the Cork were placed to- 
wards the ftick, if let alone, it would inftantly turn its appropriate Pole 
toward it, and then run a-tilt at itrand this was done only by taking a dry 
Cork, and wetting one fide of it with one fmall ftroak j for by this means 
gently putting it upon the water, it would deprefs the fuperficies on eve- 
ry fide of it that was dry , and therefore the greateft prefiure of the Air, 
being near thofe fides caufed it either to chafe away, or elfe to fly oft from 
any other floating body, whereas that fide only, againft which the water 
afeended, was thereby able to attradf. . 

It remains only, that I fhould determine how high the Water or other 
Liquor may by this means be railed in a fmallerPipe above the Supcih- 
cies of that without it , and at what height it may be fuftained : But to 
determine this, will be exceeding difficult, unlefs I could certainly know 
how much of the Airs prefiure is taken oft by the fmalnefs of (uch and 
fuch a Pipe, and whether it may be wholly taken off, that is, whether there 
can be a hole or pore fo fmall , into which Air could not at all entei , 
though water might with its whole force 5 for were there fuch , tis mani- 
feft, that the water might rife ink to fome five or fix and thirty Engl.lh 
Foot high. I know not whether the capillary Pipes in the bodies of ima 
Trees which we call their Microjcopical pores 0 may not be fuch 5 and whe- 
ther the congruity of the fides of the Pore may not yet draw the jyyo? 
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even higher then the Air was able by its bare prefiure toraifek: For, 
Congruity is a principle that not only unites and holds a body joyned to 
it, but, which is more, attra&s and draws a body that is very near it, and 

holds it above its ufual height. . ■ , c . 

And this is obvious even in a drop of water luipended under any bi- 
milaror Congruous body : For,befides the ambient prefiure that helps to 
keep it fuftein’d, there is the Congruity of the bodies that are contigu- 
ous. This is yet more evident in Tenacious and Glutinous bodies 5 fuch 
as Gummous Liquors, Syrups, Pitch, and Rofin melted, &c. Tar, Tur- 
pentine, Balfom, Bird-lime, &c. for there it is evident, that the Parts 
of the tenacious body, as I may fo call it, do ftick and adhere fo close- 
ly together, that though drawn out into long and very fiender Cylin- 
ders, yet they will not eafily relinquilh one another 5 and this, though 
the bodies be aliquatenus fluid, and in motion by one another 5 which, 
to fuch as confider a fluid body only as its parts are in a confuted irregu- 
lar motion, without taking in alfo the congruity of the parts one among 
another, and incongruity to fome other bodies, does appear not alittle 
ftrange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of the parts of the contein'd fluid one 
with another. 

And this Congruity ("that I may here a little further explain it_j is both 
a Tenaceous and an Attractive power j for the Congruity, in the Vi- 
brative motions, may be the caufe of all kind of attraction, not only Ele- 
dtrical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufhels. For, from a perfect congruity of the motions of two 
diftant bodies, the intermediate fluid particles are feparated and dro- 
ven away from between them, and thereby thole congruous bodies are, 
by the incompafling mediums, compell d and forced neerer together 5 
wherefore that attradtivenefs muft needs be ftronger, when, by an im- 
mediate contadt, they are forc'd to be exaftly the fame : As I fhew more 
at large in my Theory of the Magnet. And this hints to me the reafon of 
the fufpenfion of the Mercury many inches, nay many feet, above the ufu- 
al nation of 30 inches. F or the parts of gteick-filver, being fo very 
fimilar and congruous to each other, if once united,' will not eafily fuffer 
a divullion : And the parts of water, that were any wayes heterogeneous, 
being by exantlation orrarefa&ion exhaufted, the remaining parts being 
alfo very fimilar, will not eafily part neither. And the parts of the GlaS 
being folid, are more difficultly disjoyn’d 5 and the water, being fome- 
vhat fimftar to both, is, as it were, a medium to unite both the Clals and 
the Mercury together. So that all three being united, and not very dif- 
fimilar, by means of this contadt, if care be* taken that the T Iblin e- 

Ihndi 8 ^^ 01 ft0gged ?, the & Silver will remain fufpended, notwith- 
ftandmg its contrary indeavour of Cravity , a great height above its or- 
dinary Station ; but if this immediate Contadt be removed Ckher hv J 
meer reparation of them one from another by the force of a foog where 

S paits, and lo buffing them makes them air ; or elfe 
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byfome fmall heterogeneous agilpartof the Water, or Air, orQuick- 
filver, which appears like a bubble, and by its jumbling to and fro there is 
made* way for the heterogeneous father to obtrude it felf between the 
Glafs and either of the other Fluids, the Gravity of Mercury precipitates 
it downward with very great violence 5 and if the Veflel that holds the 
reftagnating Mercury be convenient, the Mercury will for a time vibrate to 
and fro with very large reciprocations , and at lad will remain kept up by 
the preflure of the external Air at the height of neer thirty inches. And 
whereas it may be objected, that it cannot be, that the tneei imbodying 
of the father between thefe bodies can be the caufe,fince the father ha- 
ving a free paffage alwayes , both through the Pores of the Glafs, and 
•through thofe of the Fluids, there is no reafon why it fhould not make a 
reparation at all times whilft it remains fufpended, as when it is violently 
dif-joyned by a (hog. To this I anfwer , That though the father pates 
between the Particles, that is, through the Pores cf bodies, fo as that any 
chafme or feparation being made 5 it has infinite pafiages to admit its en- 
try into it, yet fuch is the tenacity or attractive virtue of Congruity, that 
till it be overcome by the meer ftrength of Gravity, or by a fliog aflifting 
that Conatus of Gravity, or by an agil Particle, that is like a leaver agi- 
tated by the father ; and thereby the parts of the congruous lubitances 
are feparated fo far afunder , that the ftrength of congruity is fo far wea- 
kened as not to be able to reunite them, the parts to be taken hold of be- 
ing removed out of the attractive Sphere, as I may fo fpeak, of the con- 
gruity ; fuch, I fay, is the tenacity of congruity, that it retains and holds 
The almoft contiguous Particles of the Fluid , and differs them not to be 
feparated, till by meer force that attraftive or retentive faculty be over- 
come: But the feparation being once made beyond the Sphere of the 
attractive aCtivity of congruity , that virtue becomes of no effect at all, 
but the Mercury freely falls downwards till it meet with a refiftance from 
the preflure of the ambient Air, able to refill its gravity, and keep it for- 
ced up in the Pipe to the height of about thirty inches. 

Thus have I gently raifed a Steel pendulum by aLoadftone to a great 
Angle.till by thefhaking of my hand I have chanced to make a fepara- 
tion between them, which is no fooner made, but as if the Loadftone had 
retained no attractive virtue, the Pendulum moves freely from it towards 
the other fide. So vaft a difference is there between the attractive vir- 
tue of the Magnet when it aCts upon a contiguous and upon a disjoyned 
body and much more muft there be between the attractive virtues of 
congruity upon a contiguous and disjoynedbedy 5 and in truth the attra- 
ctive virtue is fo little upon a body disjoyned, that though 1 have with a 
Microfcope obferved very diligently, whether there were any extraordi- 
nary proni herance on the fide of adropof water that was exceeding neer 
to the end of a green ftick, but did not touch it, I could not perceive the 
lead 5 though I found , that as foon as ever it toucht it the whole diop 
would prelntly unite it felf with it 5 fo that itfeems an abfolute con- 
taCl is requifite to the exercifing of the tenacious faculty of congmitj. 



Obferv. 



Micrographia. 33 




Obferv. VII. Of fome Phenomena cf Glafs drops* 



'T 1 Hefe Glafs Drops are (mail {parcels of coarfe green Glafs taken out of 
TthePots that contain the Metal f as they call It) in fufion, upon the 
end of an Iron Pipe 5 and being exceeding hot, and thereby of a kind of 
flugcifhfluid Confidence, are fuffered to dropfrom thence into a Bucket 
of S Water, and in it to lye till they be grown fenhbly cold. 

Some of thefe I broke in the open air,by fnapping off a little of the 
ftiflSftttn with my fingers, others by crufhing it with a fmall pair of Ply- 
m • vvhich I had no Lner done , then the whole bulk of the drop flew 
violently with a very brisk noi(e 3 into multitudes of (mail pieces 5 fome of 
which were as fmall as dud, though in fome there were remaining pieces 
pretty large, without any flaw at all, and others very much flaw d which 
by rubbing between ones fingers was eafily reduced to dud; thefe di- 
fperfed every way fb violently , that fome of them pierced my skin. I 
could not find, either with my naked Eye,or a Microfcope , that any of the 
broken pieces were of a regular figure, nor any one like another , but fot 
the mod part thofe that flaw’d off in large pieces were prettily bran- 



ched. 



The ends of others of thefe drops I nipt off whilft all the bodies and 
ends of them lay buried under the water,which, like the former, flew all 
to pieces with as brisk a noife, and as ftrong a motion. 

Othersof thefe I tried to break, by grinding away the blunt end, and 
though I took a feemingly good one , and had ground away neer two 
thirds of the Ball, yet would it not fly to pieces, but now and then fome 
fmall rings of it would fnap and fly off, not without a brisk noife and 
quick motion,leaving the Surface of the drop whence it flew very pretti- 
ly branched or creafed , which was eafily difcoverable by the Microfcope* 
Thisdrop,after I had thus ground it, without at all impairing the remnant 
that was not ground away, I caufed to fly immediately all into fond upon 
the nipping off the very tip of its (lender end. 

Another of thefe drops I began to grind away at the fmaller end , but 
had not worn away on the done above a quarter of an inch before the 
whole drop flew with a brisk crack into fond or lmall dud 5 nor would 
it have held fo long , had there not been a little flaw in the piece that I 
ground away, as I afterwards found. 

Several others of thefe drops I covered over With a thin but very tuff 
skin of Icthyocolia , which being very tough and very tranfparent,was the 
mod convenient fubftance for thefe tryals that I could imagine, having 
dipt, I fay, feveral of thefe drops in this tranfparent Glue whilft hot , and 
Juffering them to hang by a ftring tied about the end of them till they 
were cold, and the skin pretty tough; then wrapping all the body of the 

G drop 
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drop (” leaving out only the very tip ) in fine fopple Kids-leather very 
Clofely,! nipped off the fmall top, and found, as I expedled, that notwith- 
(landing this skin of Glue , and the clofe wrapping up in Leather , upon 
the breaking of the top, the drop gave a crack like the reft, and gave my 
hand a pretty brisk impulfe: but yet the skin and leather was fo ftrong as 
to keep the parts from flying out of their former pofture and, the skin 
being trarifparent * I found that the drop retained exafrly its former fi- 
gure and polifh, but was grown perfectly opacous and all over flaw’d, all 
thofe flaws lying in the manner of rings, from the bottom or blunt end, to 
the very top or (mail point. And by fe veral examinations with a Micro - 
fcope , of fe veral thus broken, I found the flaws, both within the body of 
the drop, and on the outward furface, to lye much in this order. 

Let A B in the Figure X of the fourth Scheme reprefent the drop cafed 
over with iUhyocolla or ifinglafi, and ( by being ordered as is before pre- ’ 
fcribed ) crazed or flawed into pieces, but by the skin or cafe kept in its 
former figure , and each of its flawed parts preferved exa&ly in its due 
pofture the outward appearance of it fomewhat plainly to the naked 
eye , but much more conspicuous if viewed with a fmall fenls appeared 
much after this fhape. That is , the blunt end B for a pretty breadth, 
namely , as far as the Ring C C C fcemed irregularly flawed with divers 
clefts, which all feemed to tend towards the Center of it, being, as I af- 
terwards found , and (hall anon Ihew in the defeription of the figure Y, 
the Bafis, as it were, of a Cone, which was terminated a little above the 
middle of the drop , all the reft of the Surface from C C C to A was 
flawed with an infinite number of fmall and parallel Rings, which as they 
were for the moft part very round , lb were they very thick and clofe 
together, but wete not fo exactly flaw’d as to make a perfect Ring , but 
each circular part was by irregular cracks flawed likewife into multitudes 
of irregular flakes or tiles ; and this order was obferved likewife the 
whole length of the neck, 

Now though I could not fo exafrly cut this coni cal Body through the 
Axis, as is reprefonted by the figure Y 5 yet by anatomizing, as it were, 
of foveral, and taking notice of divers particular circumftances, I was in- 
formed, that could I have artificially divided a flaw’d drop through the 
Axis or Center , I fhouldwith a Mi'crofcope have found it to appear much 
of this form, where A fignifies the Apex , and B the blunt end, CC the 
Cone of the Bafis, which is terminated at T the top or end of it , which 
fcems to be the very middle of the blunt end in which, not only the co- 
nical body of the Bafis CC is terminated, but as many of the parts of the 
drop as reach as high as D D. 

And it feemed to be the head or beginning of a Pith, as it were, or a 
a part of the body which teemed more fpungy then the reft, and much 
more irregularly flawed, which from T ateended by EE, though Ids vi- 
fible, into the lmall neck towards A. The Grain, as it were, of all the 
flaws , that from all the outward Surface A DC C D A, was much the 
fame,as is reprefented by the black ftrokesthat meet in the middle D T, 

DT, DE,DE, &c. 
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. r j n rrnm as Irrnv call it, peculiar to Clafs drops thus 

Nor is this kind of G lain, as 1 may tan 11, 1 Hi vers other Mar- 

quenched; for ( not to mention ' not|c d e of t0 be in the 

chajites and Mmmlt , w ic » jth a kilK ] of Pith in the middle ) 
,T T 'ton , Specially thecoar- 

^r b fS oVi and Furnaces, and Backs, and Pots are made of.- 
terfoit, luch 5 anv0 f thofe Subftances it is obvious to ob- 

ferve'^how from the out-fides towards the middle: there is a kind of 
Radiation or Grain much refembling this of the Glafs-drop; but this 
Gni„ is moft confpicuous in Iron-bullets, if they be broken : the fame 
may be produced by calling r V l»s of Artmmj into 
. Lalfo whhGlafs of Antimony, or With a 1 moft any fuch 



Others of thete Drops I heat red hot in the fire, and then fuffered them 
to cool by degrees. And thete I found to have quite loft all their fulmi- 
nating or flying quality, as alfo their hard, brittle and fpnngy texture * 
and to emerge" of a much fofter temper, and much eafier to be broken or 
fnapt with ones finger:but its ftrong and brittle quality was quite deftroy- 
ed, and it teemed much of the fame confiftence with other green Glafs 



well nealed in the Oven. 

The Figure and bignels of thete for the moft part Was the fame with 
that of the Figure Z ; that is, all the furface of them was very fmooth and 
polifht, and for the moft part round , but very rugged or knobbed about 
D, and all the length of the ftem was here and there pitted or flatted. 
About D, which is at the upper part of the drop under that fide of the 
ftem which is concave, there ufually was made fomeoneor more little 
Hillocks or Prominences. The drop it felf, before it be broken, appears 
very tranlparent, and towards the middle of it, to be very full of fmall 
Bubbles, of fome kind of aerial fubftance, which by the refradtion of the 
outward forface appear much bigger then really they are 5 and this may 
be in good part removed, by putting the drop under the furface of clear 
Water, for by that means moft part of the refradfion of the convex Sur- 
face of the drop is deftroyed , and the bubbles will appear much frtialler. 
And this, by the by, minds me of the appearing magnitude of the aper- 
ture of the iris, or pupil of the eye, which though it appear, and be there- 
fore judged very large, is yet not above a quarter of the bignels it ap- 
pears o£ by the lenticular refradtion of the Cornea. 

The caufe of all which Than omen a I imagine to be no other then this 
That the Parts of the Glafs being by the exceffive heat of the fire kept 
off and feparated one from another, and thereby put into a kind of llug- 
gilh fluid confiftence , are fuffered to dropoff with that heat or agitation 
remaining in them, into cold Water } by which means the outfides of the 
drop are prefently cool’d and crujled , and are thereby made of a loofe 
texture, becaufe the parts of it have not time to fettle themfelves leiforely 
together , and fo to lie very clofe together : And the innermoft parts of 
the drop, retaining ftill much of their former heat and agitations, remain 
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of a loofe texture alfo,and, according as the cold ftrikes inwards from the 
bottom and (ides, are quenched, as it were, and made rigid in that very 
pofture wherein the cold finds them. For the parts of the cruft being 
already hardened , will not fuffer the parts to fhrink any more from the 
outward Surface inward 5 and though it fhrink a little by reafon of the 
fmall parcels of fome Aerial fubftances difperfed through the matter of 
the Glafs, yet that is not neer fo much as it appears f as I juft now hint- 
ed O nor ^ were, would it be fufficient for to confolidate and condenfe 
the body of Glafs into a tuff and clofe texture , after it had been fo ex- 
ceffively ratified by the heat of the glafs-Furnace. 

But that there may be fuch an expanfion of the aerial fubftanee con- 
tained in thofe little blehbs or bubbles in the body of the drop „ this fol- 
lowing Experiment will make more evident. 

Take a fmall Glafs-Cane about a foot long , feal up one end of it her- 
metically^ then put in a very fmall bubble of Glafs, almoftof thefhape of 
an Efience-viol with the open mouth towards the fealed end , then draw 
out the other end of the Pipe very fmall, and fill the whole Cylinder with 
water , then fet this Tube by the Fire till the Water begin to boyl , and 
the Air in the bubble be in good part rarified and driven out , then by 
fucking at the fmalling Pipe, more of the Air or vapours in the bubble 
may be fuck’d out , fo that it may fink to the bottom when it is funk to 
the bottom, in the flame of a Candle, or Lamp,nipuptheflenderPipeand 
let it cool : whereupon it is obvious to obferve, firft, that the Water by 
degrees will fubfide and fhrink into much lefs room : Next, that the Air 
or vapours in the Glafs will expand themfelves fo, as to buoy up the little 
Glafs : Thirdly, that all about the infide of the Glafs-pipe there will ap- 
pear an infinite number of fmall bubbles,which as the Watei grows colder 
and colder will fwell bigger and bigger, and many of them buoy them- 
felves up and break at the top. . , . 

From this Difceding of the heat m Glafs drops,that is, by the quenching 
or cooling Irradiations propagated from the Surface upwards and in- 
wards, by the lines CT, CT, DT,DE,cK the bubbles in the drop 
have room to expand themfelves a little, and the parts of the Glafs con- 
tract themfelves, but this operation being too quick for the fluggifh pai ts 
of the Glafs, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glafs are bent, fome one way, and fome 
another yet fo as that moft of them draw towards the Pith or middle 
TEE E* or rather from that outward: fo that they cannot extricate ox 
unbend themfelves, till fome part of T E E E be broken and loofcned, 
for all the parts about that are placed in the manner of an Arch, and fo 
till their hold at T EE E be loofened they cannot fly afunder, but up- 
hold, and fhelter, and fix each other much . like the ftones in a Vault, 
Where each ftone does concurre to the ftability of the whole Fabrick, 
and no one ftone can be taken away but the whole Arch falls.And where- 

foever any of thofe radiating wedges D T D, are removed, whicti 

m the component parts of this Arch, the whole Fabrick prefently falls to 

pieces 5 
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for a n the Springs of the feveral parts are fet at liberty, which 
P* extricate themfelves and fly afunder every way 5 each pat t 

ITTrs fnrin/contributing to the darting of it lelf and fome other contigu- 
by F g But if this drop be heat fo hot as that the parts by degrees can 
OU .F j themfelves, and be fettled and annealed in that pofture , and be 
T^ fnffered gently to fubfide and cooh The parts by this neahng lo- 
fing their fpringinefJ, conftitute a drop of a more loft but lefs brittle tex- 
ture and the parts being not at all under a flexure, though any part of the 
middle or Pith T E E E be broken, yet will not the drop at all fly to pieces 

aS ThEConieaure of mine I fhall indeavour to make out by explain- 
ing each particular Aflertion with analogous Experiments : The Aflertions 

are thefe. 

Firft, That the parts of the Glafs, whilftin a fluid Coiififtence and 
hot , are more rarified , or rake up more room , then when hard and 

C °Secondly , That the parts of the drop do fuffer a twofold coiitra- 

U Thirdly , That the dropping or quenching the glowing metal in the 
Water makes it of a hard, fpringing, and rarified texture. 

Fourthly , That there is a flexion or force remaining upon the parts 
of the Glafs thus quenched , from which they indeavour to extricate 
themfelves. 

Fifthly, That the Fabrick of the drop, that is able to hinder the parts 
from extricating themfelves, is analog** to that of an Arch. 

Sixthly, That the fudden flying afunder of the parts proceeds from 
their fpringinefs. 

Seventhly, That a gradual heating and cooling does anneal or reduce 
the parts of Glafs to a texture that is more loofe, andealilier tobebro 4 ' 
ken, but not fo brittle. 

That the firft of thefe is true may be gathered from this. That Heat if 
a property of a body arifing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht muft neceflarily receive fome 
part of that motion.whereby its parts will be fhaken and agitated, and fb 
by degrees free and extricate themfelves from one another , and each 
part fo moved does by that motion exert a conatus of protruding and dip- 
placing all the adjacent Particles. Thus Air included in a vefiel, by be- 
ing heated will burft it to pieces. Thus have I broke a Bladder held 
over the fire in my hand, with fuch a violence and noife , thatitalmoft 
made me deaf for the prefent,and much furpafled the noife of a Musket; 

. 1 ,, eh r av , e \ doi,e by throwing into the fire fmall glafs Bubbles her- 
metically fealed , with a little drop of Water included in them. Thus 
water alio, or any other Liquor, included in a convenient veflehby being 
wanned , mamfeftly expands it felf with a very great violence , fo as to 
break the ftrongeft vcflel, if when heated it be narrowly imprifoned in it, 
- This 
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This is very manifeft by the JealedThermometers, which I have, byfeve* 
ral tryals, at lafb brought to a great certainty and tendernefs : for I have 
made fome with ftems above four foot long, in which the expanding Li- 
quor would fo far vary, as to be very neer the very top in the heat of Sum- 
mer, and prety neer the bottom at the coldeft time of the Winter. The 
Stems I ufe for them are very thick,ftraight, and even Pipes of Glafs,with 
a very fmall perforation , and both the head and body I have made on 
purpole at the Glafs-houfe , of the fame metal whereof the Pipes are 
drawn : thefe I can eafily in the flame of a Lamp, urged with the blaft of 
a pair of Bellows, feal and clofe together, fo as to remain very firm, clofe 
and even ; by this means I joyn on the body firft,and then fill both it and 
a part of the ftera, proportionate to the length of the ftem and the 
warmth ofthefeafon I fill it in, with the belt rectified Spirit of Wine high- 
ly ting’d with the lovely colour of Cocheneef which I deepen the more 
by pouring fome drops of common spirit of "Urine , which muftnotbe 
too well rectified , becaufe it will be apt to make the Liquor to curdle 
and ftick in the fmall perforation of the ftem. This Liquorl have upon 
tryal found the mod: tender of any fpirituous Liquor, and thofe are much 
more fenfibly affe&ed with the variations of heat and cold then other more 
flegmatick and ponderous Liquors , and as capable of receiving a deep 
tincture, and keeping it, as any Liquor whatfoever ; and ( which makes 
it yet more acceptable ) is not iubjeft to be frozen by any cold yet 
known. When I have thus filled it, I can very eafily in the foremention- 
ed flame of a Lamp feal and joyn on the head of it. 

Then;, for graduating the ftem, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ball is placed in common diftilled water, that is fo cold that it juft begins 
to freeze and {hoot into flakes $ and that mark I fix at a convenient place 
of the ftem, to make it capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water : the reft of my divifions, 
both above and below this (which I mark with a [o] or nought.) I place 
according to the Degrees of Expanfion^ or Contraction of the Liquor in 
proportion to the bulk it had when it indur d the newly mention d fteez- 
ing cold. And this may be very eafily and accurately enough done by 
this following way ; Prepare a Cylindrical veflel of very thin plate Brafs 
or Silver, A B C D of the figure Z ; the Diameter AB of whofe cavity 
let be about two inches, and the depth B C the lame ; let each en e 
cover’d with a flat and finooth plate of the fame fubftance, clofe y foder d 
on, and in themidft of the upper cover make a pretty large hole E F, 
aboutthebignefsofa fifth part of the Diameter of the other ; into this 
faften very well with cement a ftraight and even Cylindrical pipe of Glafs, 
EFGH, the Diameter of whofe cavity let be exattly one tenth of the 

Diameter of the greater Cylinder. Let this pipe be mark d at GH with 

aDiamant, fo that G from E may be diftant juft two inches, orthefame 
height with that of the cavity of the greater Cyhnder, then divide the 
length E G exa&ly into io parts, fo the capacity of the hollow of each 
of thefe divifions will be part of the capacity of the greater Cjlin- 
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Jer. This veflel being thus prepared, tire way of marking and gradu- 
ating the Thermometers may be very eafily thus performed : 

Pill this Cylindrical veflel with the fame liquor wherewith the Ther- 
mometers are fill’d, then place both it and the Thermometer you are to 
graduate in water that is ready to be frozen, and bring the furface of the 
fiouorinthe Thermometer to the firft rnarke or [effe then fo proportion 
the liquor in the Cylindrical veflel, that the furface of it may juft be at 
the lower end of the fmall glafs-Cy Under; then very gently and gradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
veflel ftand, and as you perceive the ting’d liquor to life in both ftems, 
with the point of a Diamond give leveral marks on the ftem of the Ther- 
mometer at thofe places, which by comparing the expanfion in both 
Stems , are found to correfpond to the divifions of the cylindrical veflel, 
and having by this means marked fome few of thefe divifions on the 
Stem , it will be very eafie by thefe to mark all the reft of the Stem, 
and accordingly to afiign to every divifion a proper character. 

A Thermometer , thus marked and prepared, will be the fitted Inftru- 
ment to make a Standard of heat and cold that can be imagined. For 
being fealed up, it is not at all fubjeft to variation or wafting, nor is it lia- 
ble to be changed by the varying preflure of the Air , which all Other 
kind of Thermometers that are open to the Air are liable to. But to pro- 
ceed. 

This property of Expanfion with Heat, and Contra&ion with Cold, is 
not peculiar to Liquors only, but to all kind of folid Bodies alfo, efpeci- 
ally Metals, which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock of Brafs, and let the Key, which is well 
fitted to it,be riveted into it,fo that it may Hip, and be eafily turned round, 
then heat this Cock in the fire, and you will find the Key fo fwollen, that 
you will not be able to turn it round in the Barrel ; but if it be fuffered 
to cool again, asfoon as it is cold it will be as movable, and as eafie to be 
turned as before. 

This Quality is alfo very obforvable in Lead , Tin ^ Silver , Antimony , 
Pitc hjiofinJBees-Tvax. Butt er,a nd the like; all which, if after they be melted 
you fufter gently to cool, you Ihall find the parts of the upper Surface 
tofubfidc and fall inwards , lofing that plumpnefs and fmoothnefs it had 
whilftin fufion. . The like I have alfo obferved in the cooling of Glafi 
of Antimony . which does very neer approach the nature of Glafs, 

But becaufe thefe are all Examples taken from other materials then 
Gla{s,and argue only, that pofiibly there may be the like property alfo it} 
Glafs, not that really there is ; we fliall by three or four Experiments in- 
deavour to manifeft that alfo. 




whofe length of the ftem ; as about D, and from thence to A," the whole 
- 5* £ 5 . whlch ’VvooM hnv e been round it the drop had cool’d leifurely, 
, } eing quenched haftily,very irregularly flatted and pitted ; which 
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Ifuppofe proceeds partly from the Waters unequally cooling and pref- 
fing the parts of the drop, and partly from the felt-contra&ing or fubfi- 
ding quality of the fubftance of the' Glafs: For the vehemency of the 
heat of the drop caufes fuch hidden motions and bubbles in the cold Wa- 
ter, that fome parts of the Water bear more forcibly againft one part then 
againft another , and confequently do more fuddenly cool thofe parts to 
which they are contiguous. , _ f 

A Second Argument may be drawn from the Experiment ol cutting 
Glafles with a hot Iron. For in that Experiment the top of the Iron 
heats, and thereby ratifies the parts of the Glafs that lie juft before the 
crack, whence each of thofe agitated parts indeavounng to expand its 
ielf and get elbow-room, thrufts off all the reft of the contiguous parts, 

and confequently promotes the crack that was before begun. ^ 

A Third Argument may be drawn from the way of producing a crack 
in a found piece or plate of Glafs, which is done two wayes, either Fii ft, 
by fuddenly heating a piece of Glafs in one place more then in another. 
And by this means chymifls ufually cut off the necks of Glafs-bodies, 
by two kinds of Inftruments, either by a glowing hot round Iron-Ring, 
which juftincompafles the place that is to be cut, orelfe by a Sulphur d 
ThreecLvvhichis often wound about the place where the reparation is to 
be made, and then fired. Or Secondly ; A Glafs may be cracked by cooling 
it fuddenly in any place with Water, or the like, after it has been all lei- 
furely and gradually heated very hot. Both which Phenomena, feem ma- 
nifeftly to proceed from the expansion and contraction of the parts of 
the Glafs , which is alfo made more probable by this rircumftance which 
I have obferved , that a piece of common window-glafs being heated in 
the middle very fuddenly with a live Coal or hot Iron, does ufually at the 
firft crack fall into pieces,whereas if the Plate has been gradually heated 
very hot , and a drop of cold Water and the like be put on the mid- 
dle of it’ it only flaws it, but does not break it afunder immedi- 

^^Fourth Argument maybe drawn from this Experiment $ Take a 
Glafs-pipe, and fit into it a folid ftick of Glafs, fo as it will but juft be mo- 
ved in it. Then by degrees heat themwhilft they are one within ano- 
ther,and they will grow ftifter, but when they are again cold, they will be 
aseafie to be turned as before. This Expanfion of Glafs is more mam 

f6j T?ke h a S mck of Glafs of a confiderable length,and fit itfo between the 
two ends or fcrews of a Lath,thatit may but jufteafily turn,and that the 
very end* of it may be juft toucht and fufteined thereby } then applying 

Same of Jhe Candle to the middle of it, and heating it hot, you will 

prefently find the Glafs to ftick very faft on thofe points, and not withou 
much difficulty to be convertible on them, before that by removing 
flame for a while from it, it be fuffered to cool, and then you will find it 

as eafie to be turned round as at the firft. . , r Rndies 

From all which Experiments it is very evident, that all thofe Eodie, 
and particularly Glafs, fuffersan Expanfion by Heat, and that a vejyc^ 
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rA Kip nne whilft they are in a ftate of Fufion. For I elfewher? 
fiderable one,wmiit tn ) andauicffialiing notion, 

T «’< mrjovfijd frjLh other flco^entlj, kmc 

vocmt,s it follows, that all .thofe token P^cte «tuft 
Pnnlv take up much more room then when they were at 1 eft, and lay 
qufotly^poneachother. And this is further confirmed by a Pot of hoyhng 
Jltihller which will manifeftly rife a (ixth or eighth part higher m^he Pot, 
whilft it is boy line, then it will remain at, both before and aftent be boyft 
ed.The reafon of which odd Phenomenon (tohmtithereonly by the way) 
is this, that there is in the curious powder of Alabafter, and Othe^cafoining 
Stones a certain watery fubftance , which ,1s fo fixt and me uded with the 
folid Particles, that till the heat be very confiderable they will not fly away* 
but after the heat is increafed to fuch a degree, they break out every way 
in vapours, and thereby fo (hake and loofen the fmall corpulles ofthe Pow- , 
der from each other, that they become perfectly of the nature of a fluid bo- 
dy, and one may move a ftick to and fro through it, and ftir it as eafily as 
water, and the vapours burftand breakout in bubbles juft as in boyling 
water, and the like, whereas, both before thofe watery parts are flying 
away, and after they arc quite gone.} that is, before and alter it haye done 
boy ling,a 11 thofe efieCts ceafe , and a ftick is as difficultly moved to and fro 
in it as in fand, or the like. Which Explication I could eafily prove, had I 
time} but this is not a fit place for it. 

To proceed therefore, I fay, that the dropping of this expanded Body in- 
to cold Water, does make the parts of the Glafs fuller a double contraction : 
The firft is, of thofe parts which are neer the Surface of the Drop. For Cold, 
as I laid before, contracting Bodies, that is,^y the abatement of the agitating fa- 
culty the parts falling neerer together } the parts next ad joying to the Water 
muft needs lofe much of their motion , and impart it to the Ambient-water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft , whilft the innermoft parts remain yet fluid and ex- 
panded } whence,as they grow cold alfo by degrees, their parts muft necefia- 
rily .be left at liberty to be condenfed, but becaufeof the hardnefsof the 
outward cruft, the contraction cannot be admitted that wayfout there being 
many very lmall, and before inconfpicuous, bubbles in the fubftance of the 
Glafs, upon the fubfiding of the parts of the Glafs, the agil fubftance contain- 
ed in them has liberty of expanding it felf a little, and thereby thofe bubbles 
grow much bigger, which is the fecond Contraction. And both thefe are con- 
firmed from the appearance of the Drop it felf: for as for the outward parts 
we fee, firft, that it is irregular and flirunk, as it were, which is caufcd by the 
yielding a little of the hardened Skin to a Contraction , after the very out- 

0 i j r 3Ce ^ S ’ anc * as ^ or r ^ e * nterna i Farts, one may with ones 

naked Eye perceive abundance of very confpicuous bubbles, and with the 
Microfcopt many more. 9 

on ImKJkUrff?'' 0 ? °ft hich Pal ‘ k ' u!al ,> will eafily make the Third Pofiti- 

of rrarSfc 3 ’ 1 tha V the .P? Bof the *°P Sc of a very hard, though 

t S Cd i r 5 f ° r ’ r h ? 7 twarc * P ara of by reaion of m 

rd cralt = Wl11 mdure very httleContraftion, and the agil Particles, inclti- 

ded 
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ded in thofe bubbles, by the lofing of their agitation, by thedecreafe of the 
Heat,lofe alfo moft part of their Spring and Expanfive power^it follows (the 
withdrawing of the heat being very fudden) that the parts muft be left in a 
very loofe Texture, and by reafon of the implication of the parts one about 
another, ' which from their tluggifhnes and glutinoufnefs I fuppofe to be much 
after the manner of the flicks in a Thorn-bulb, or a Lock of Wool^It will fol- 
low, I fay, that the parts will hold each other vefy ftrongly together,and in- 
deavour to draw each other neerer together , and confequently their Tex- 
ture muft be very hard and ftifT, but very much ratified. 

And this will make probable my next Pofition, That the parts of the Glafi 
are under a kind of tenflon or flexurejut of which they indeavour to extricate and 
free themfelves ^and thereby all the parts draw towards the Center or middle, 
and would, if the outward parts would give way, as they do when the out- 
ward parts cool leilurely (as in baking of Glafles ) contract the bulk of the 
drop into a much left compafs. For fince.as I proved before, the Internal parts 
of the drop, when fluid, were of a very rarified Texture.and,as it were,tos’d 
open like a Lock of Wool.and if they were fuflfered leifurely to cool, would 
be again preft, as it were,clofe together: And fince that the heat, which kept 
them bended and open, is removed , and yet the parts not fuffered to get as 
ncer together as they naturally would 5 It follows, that the Particles remain 
under a kind of tenfion and flexure , and confequently have an indeavour to 
free themfelves from that bending and diflenjion, which they do, asfoon as 
either the tip be broken, or as foon as by a leifurely heating and cooling, 

the parts are nealed into another pofture. 

And this will make my next Pofition probable, that the parts of theClafs drops 
are contignated together in the form of an Arch .and cannot any where yield or 
be drawn inwards, till by the removing of fome one part of it( as it happens in 
the removing one of the ftones of an Arch)the whole Fabrick is fhatter’d,and 
falls to pieces, and each of the Springs is left at liberty ,fuddenly to extiicate it 
felf • for fince I have made it probable,that the internal parts of the Glafs have 
a contraftive power inwards, and the external parts are incapable of fuch a 
Contraction, and the figure of it being Iphericaljit follows, that the uipeihcial 
parts muft bear againft each other, and keep one another from being con- 
dens d into a left room, in the fame manner as the ftones of an Arch conduce 
to the upholding each other in that Figure. And this is made more probable 
bv another Experiment which was communicated to me by an exce ent Per- 
fon whole extraordinary Abilities in all kind of Knowledg, efpecially in that 
of Natural things, and his generous Difpofition in commumcating,mcouraged 
me to have recourfe to him on many occafions. The Experiment was this . 
Small Glaft-balls ( about the bignefs of that represented in the Figure &.) 
woulcLupon rubbing or fcratching the inward Surface, fly all infunder, with 
a pretty brisk noile $ whereas neither before nor after the inner Surface had 
been thusfcratcht, did there appear any flaw or crack. And puttmg the pie- 
ces of one of thofe broken ones together again , the flaws appeared much 
after the manner of the black lines on the Figure, eK Thcfe Balls were final!, 
but exceeding thick bubbles of Glafs , which being crack d off from the 
Tuntilion whilft very hot , andfo fuffered to cool without nealing them in 
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thr Oven over the Furnace, do thereby ("being made of white Claft, 
b Since many pieces with a brisk noife, and throw the parts above a 

fan afunder on ihe Table: Now though the pieces are notfofcullas 

thofe of a futmimtwg drop, yet they as phunly Ihew, that the outward 
parts of the Glafs have a great Comtui to fly afunder.were they not held 
together by the tmeity of the parts of the inward Surface : for we fee 
as foon as thofe parts are crazed by hard rubbing, and thereby their tena- 
city fpoiled, the fpringinefs of the more outward parts quickly makes a 
divulfion, and the broken pieces will, if the concave Surface of them be 
further fcratcht with a Diamond, fly again into fmaller pieces. 

From which preceding confiderations it will follow Sixthly , That the 
fudden flying afunder of the parts as foon as this Arch is any where difor- 
dcred or broken, proceeds from the fpringing of the parts } which Endea- 
vouring to extricate themfelves as foon as they get the liberty , they per- 
form it with fuch a quicknefs,that they throw one another away with very 
great violence .• for the Particles that Compofe the Cruft have a ' Conatus 
to lye further from one another, and therefore as foon as the external parts 
are loefened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as foon as they fhould be fuddcnly loofened; and the internal parts draw- 
ing inward, they contra&fo violently, that they rebound back again and 
fly into multitude of fmall fliivers or fands. Now though they appear 
not, either to the naked Eye, or the Microfcope , yet I am very apt to think 
there may be abundance of fmall flaws or cracks , which , by reafon the 
ftrong reflecting Air is not got between the contiguous parts, appear not. 
And that this may be fo , I argue from this , that I have very often been 
able to make a crack or flaw, in fome convenient pieces of Glaft,to appear 
and difappear at pleafure, according as by prefling together, or pulling 
afunder the contiguous parts , I excluded or admitted the ftrong reflect- 
ing Air between the parts : And it is very probable, that there may be 
fome Body, that is either very rarified Air, or fomething analogous to it, 
which fills the bubbles of thefe drops ; which I argue, firft, from the round- 
neft of them, and next, from the vivid reflection of Light which they ex- 
hibite : Now though I doubt not , but that the Air in them is very much 
rarified,yet that there is fome in them, to fuch as well confider this Expe- 
riment of the diiappearing of a crack upon the extruding of the Air I 
fuppofe it will feem more then probable. 

The Seventh and laft therefore that I fhall prove, is. That the gradual 
and cooling of thefe fo extended bodies does reduce the parts of the 
Glafs to a loojer and fofter temper . And this I found by heating them, and 
Keeping them for a pi ety while very red hot in a fire } for thereby I found 
them to grow a little lighter, and the fmall Stems to be very eafily bro- 
Kcnand inapt any where, without at all making the drop fly 5 whereas 

H 2 before 
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before they were fo exceeding hard, that they could not be broken with- 
out much difficulty 5 and upon their breaking the whole drop would 
fly in pieces with very great violence. The Reafon of which laft feems 
to be , that the leifurely heating and cooling of the parts does not only 
waft fome part of the Glafsit felf , but ranges all the parts into abetter 
order, and gives each Particle an opportunity of relaxing its felf, and 
confequently neither will the parts hold lb ftrongly together as before;, 
nor be lb difficult to be broken : The parts now more eafily yielding, 
nor will the other parts fly in pieces , becaufe the parts have no bended 
Springs. The relaxation alio in the temper of hardned Steel , and ham- 
mered Metals, by nealing them in the fire,leems to proceed from much the 
fame caufe. For both by quenching fuddenly fuch Metals as have vitri- 
fied parts interfpers’d, as Steel has, and by hammering of other kinds that 
do not lb much abound with them, as Silver, Brals, &c, the parts are put 
into and detained in a bended pofture , which by the agitation of Heat 
are Ihaken, and loofened, and differed to unbend themlelves. 
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Obferv. VIII. Of the fiery Sparks firuck. from a Flint or 

Steel. 

] T is a very common Experiment , by ftriking with a Flint againft a 
Steel, to make certain fiery and fhining Sparks to fly out from between 
thofe two comprefiing Bodies. About eight years fince, upon cafiially 
reading the Explication of this odd vhtnomenon^ by the moft Ingenious 
Des Cartes , ! had a great defire to be latisfied , what that Subftance was 
that gave lirch a fhining and bright Light : And to that end! Ipread a 
lheet of white Paper ,and on it, oblerving the place where feveral of thefe 
Sparks teemed to vanifb, I found certain very (mall, black, but glittering 
Spots of a movable Subftance, each of which examining with my Mifcro- 
copej. found to be a fmall round Globule 5 fome of which, as they looked 
prety (mall, lo did they from their Surface yield a very bright and ftrong 
reflettion on that fide which was next the Light 5 and each look’d almofit 
like a prety bright Iron-Ball, whofe Surface was prety regular, fuch as is 
reprelented by the Figure A. In this I could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light and it. Others I found, which were, as to the bulk of the Ball, 
prety regularly round,but the Surface of them, as it was not very linootli, 
but rough, and more irregular, fo was the reflection from it more faint and 
confided. Such were the Surfaces of B. C. D. and E. Some ofthefel 
found cleft or cracked, asC, others quite broken in two and hollow, as 
E>. which feemed to be half the hollow (hell of aGranado, broken irre- 
gularly in pieces. Several others I found of other fhapes 5 but that 
which is reprefented by E, I obferved to be a very big Spark of Fire, 
which went out upon one fide of the Flint that I (truck fire withall, w 

which 
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which it ftuck by the root F, at the end' of which fmall Stem was faften- 
ed-on aHewiJphere, or half a hollow Ball, with the mouth of it open from 
the ftemwards, fo that it looked much like a Funnel, or an old faflnoned 
Bowl without a foot. This night, making many tryals and obfervations 
of this Experiment,I mer.among a multitude of the Globular ones which 
I had obferved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypothecs. 

And the Firft was of a pretty big Ball faftened oh to the end or a lmall 
fliver of Iron, which Compopum feemed to be nothing elfe but a long thin 
chip of Iron, one of whole ends was melted intoa fmall round Globufithe 
other end remaining unmclted and irregular, and perfectly Iron. 

The Second In fta nee was not lefs remarkable then the Firft: 5 for I 
found, when a Spark went out, nothing but a very fmall thin long fliver 
of Iron or Steel , unmelted at either end. So that it feems, that fome of 
thefe Sparks are the llivers or chips of the Iron vitrified , Others are on- 
ly the flivers melted into Balls without vitrification , And the third kind 
are only fmall flivers of the Iron, made red-hot with the violence of the 
ftroke given on the Steel by the Flint. 

He that fhall diligently examine the Phenomena of this Experiment, 
will, I doubt not, find caufe to believe, that the reafon I have heretofore 
given of it, is the true and genuine caufe of it, namely, That the Spark, 
appearing Jo bright in the fallingjs nothing elfe hut a final! piece of the Steel 
or Flint , but mofi commonly of the Steely which by the violence of the Jlroke 
is at the fame time fever'd and heatt red-hot , and that fonietiwes to fuch a 
degree , as to make it melt together into a fmall Globule of Steel $ and fome- 
times alfo is that heatfo very intenfe , as further to melt it and vitrfie it ; but 
many times the heat is fo gentle , as to be able to make the fiver only red hot , 
which notvpithfianding falling upon the tinder (that is only a very curious 
fmall Coal made of the fmall threads of Linnen burnt to coals and 
char d) it eafily fits it on fire. Nor will any part of this Hypothecs feem 
ftrange to him that confiders, Firft, that either hammering, or filing or 
otherwife violently rubbing of Steel, will prefently make it fo hot as to 
be able to burn ones fingers. Next , that the whole force of the ftroke 
u exerted upon that fmall part where the Flint and Steel firft touch : For 
the Bodies being each of them fo very hard , the puls cannot be far com- 
municated, that is, the parts of each can yield but very little, and there- 
tore the violence of the concuffion will be exerted on that piece of Steel 
S ,' s ; ut0ff b >’ th . eFliM - *hat the filings or fmall parts of 

“ ' ve,e ’ to ? Fe , fire > and are Partly red hot. that 
V u a bea VC1 T com bufiible fiulphureoiis Body in Iron or Steel 
l™i>toKd. VCry rCadilF P rc )' s l, r on > as foon as the body is a little vio’ 

of a C-,^ I iS °f bvioUS * thc l of Steel °* r °» calf through the flame 

lit offic = i " thL “ > iXT; fl i^ t "fc 

And 




